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METHOD FOR DESCRIBING AND COMPARING 
BLOOMING-SEASONS 


SIX 


For practical reasons connected with the management the wild-flower 
reservation the Missouri Botanical Garden’s Arboretum Gray Summit, 
Missouri, records flowering-dates for about 100 species have been made 
there since September 1937. The species selected were those particular 
interest the either because they made beautiful displays the 
(Mertensia virginica, Coreopsis lanceolata, ete.) were particu- 
larly odd interesting (Spiranthes gracilis, Arisaema Dracontium, ete.) 
(Anderson 1937). These 100 species were scored once week throughout 
the blooming-season (so far possible) and were recorded as: ‘coming into 
flower,’ ‘in full bloom,’ ‘passing out flower,’ ‘out bloom.’ those 
borderline cases when was difficult say whether species should 
recorded one category another, the decision was made with reference 
its landscape effect. Viola striata, for instance, has the habit producing 
very few flowers long after the main blooming-period over. was scored 
‘passing out bloom’ long gave that general effect. When the 
flowers became few that they could not found without getting down 
and searching among the leaves, the species was scored ‘out bloom.’ 

the data began accumulate became apparent that they could 
put various uses addition the utilitarian ones for which they had 
been gathered. particular that assigning numerical 
values the would possible add the totals for each week 
and this way produce picture the rise and fall bloom throughout 
the season. 

Such curve could used compare different blooming-seasons 
compare the season bloom one locality with that another. Quanti- 
tative values were therefore assigned the records: ‘full bloom,’ three; 
‘coming into bloom,’ one; and ‘going out bloom,’ two, these values being 
approximately proportional the landscape effect the three conditions. 
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The curve derived from these weekly totals shown figure which gives 
complete record for 1938 and such data are available for 1937 and 

shown figure the blooming-season Gray Summit begins about 
the first March and rises sharply for about eight weeks, then declines 
almost rapidly for another eight weeks. After two-week lull increases 
slowly another peak midsummer. favorable seasons the falling off 
from this peak halted and the curve may even rise for week two when 
the autumnal Compositae come into bloom September. There other 
words sharp spring peak and broader one late summer separated 
lull late spring and early summer. 


1938 
1939 ---- 


JUNE JULY SEPT. 


Number species full bloom each week. 

Number species peak bloom, four week periods. 

While the pronounced division into spring and summer bloom Mis- 
souri has doubtless been noted other observers, the only printed reference 
which has come our notice Mrs. Rickett (1937, 69). 

While the graph figure based roughly one-sixth the species 
native flowering plants, apparently random selection, far 
blooming-dates are concerned. Certainly the large groups plants that were 
not recorded present the same general features. The Amentiferae, for in- 
stance, would all coincide with the spring peak, the Cyperaceae and the 
Gramineae have high spring peaks and lower ones late summer. 

The curve shown figure while presents accurate picture the 
wealth bloom throughout the season, undesirable for purposes 
analysis. the resultant two different effects (1) the number species 
coming into flower throughout the season and (2) the length time these 
species remain bloom. seen from the original data table 
length bloom not only varies from species species but the average length 
bloom the summer much longer than that spring. adapting 
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suggestion Prof. Fassett was possible, however, separate these 
two effects, and the curves shown figures and show the seasonal 
progression number species without reference the length time 
they remain bloom. This was done determining the middle each 
species’ blooming-period and graphing the number these every four- 
week period throughout the season. 

The corrected curves for 1938 and 1939 are shown figure (the incom- 
plete data for 1939 have been supplemented estimates derived from the 
1938 data and from observations made previous years). will seen 
that the corrected curve presents the same general picture spring and 
summer peaks bloom separated less active period early summer 
and that the for the two years are quite similar. 


1938 


‘ 
1939 ---- 


MAR. APR. MAY JUNE JULY AUG. SEPT. 


Inches rainfall St. Louis, Mo., months, 


one thing demonstrate such curve but quite another analyze 
the behind it. For the present shall more than outline 
some the complexities involved its correct interpretation. certainly 
affected both environmental and inherent factors. 

The effect the environment difficult interpret because dual, 
the immediate effect, and its effect through natural selection. Both these 
are particularly evident the blooming-dates those species which flower 
the spring woodlands. The spring peak coincides with the time when the 
majority trees are coming rapidly into full leaf and most the bloom 
the spring woods over the time the leaves are fully expanded. The 
seed while the woodlands are still sunny. However, they blossom the same 
way and the same time transplanted full sun. Evidently, therefore, 
these species have evolved woodland habitats and have for generations 
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been selected towards type which could finish its blooming season this 
time. 

This dual effect the habitat blooming season shown figures 
and figure the species used drawing the curves figure are 
graphed according the habitat which they occur Gray Summit and 
separate curves are drawn for each. For this purpose the habitats are 
grouped woods, meadows, and glades. The last these terms follows 
local usage the Ozarks and indicates peculiar and interesting habitat 
which has not yet received the study deserves. Missouri 
glade designates rocky treeless area from few square feet several acres 


APR. MAY JUNE JULY AUG. 

Average monthly temperature St. Louis, Mo. Arrows indicate last and first 
killing frosts. 
extent, somewhat analogous the cedar barrens Kentucky and Ten- 
nessee studied Harper (1926) and Freeman (1933). The glades are even 
more closely allied central parts the Edwards Plateau and the Arbuckle 
Mountains. They are cold winter, wet with seepage water late winter 
and spring, and hot and dry throughout the summer. 

will seen from figure that the seasonal rhythm bloom radi- 
cally different the three habitats. The woodlands have the bulk bloom 
the spring, approach zero early June and develop lesser season 
bloom the late summer and fall. The treeless habitats are under such 
pressure blossom early spring. Meadow-bloom rises rather slowly and 
more less continuously its peak mid-summer. The glades are later 
respond than either these habitats and then maintain fairly even 
amount bloom throughout the year. Both the meadows and the 
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however, show drop early June, though not marked that 
shown the woodlands. 

figure the species have been grouped the general 
acter their distributions. For this purpose distribution maps were pre- 
pared for each species. Inspection these showed least three main types 
distribution (1) species centered upon the Gulf Coastal Plain (2) species 
centered the Ozark-Texas axis and (3) species centered upon the interior 
plateaus the Ohio-Mississippi River Basin (Anderson and Hubricht, un- 
Most the distributions could easily placed one these 
three general categories, though few had more less arbitrarily 
assigned. The category which each species was assigned indicated 
table Some the species are poorly understood, that 
their distributions reflect their heterogeneity, and they have been omitted 


MEADOWS PLAIN 
GLADES INTERIOR OZARK 


Number species peak bloom, grouped habitats. Same seale 
fig. 


Number species peak bloom, grouped probable center 


preparing figure will seen that the curves figure show the same 
general features figure though the two peaks bloom are even more 
sharply revealed. study the data table will show that the groupings 
figures and are very most the species the central interior 
plateaus occur the woodland, the glades are populated very largely 
species from the Ozark-Texas axis, etc. Unfortunately the number species 
for which have information too small break the still 
further attempt distinguish between the direct and the selective 
effect the habitats. 

While the curves figures and seem give rational though 
incomplete explanation spring blooming-periods, they offer clue 
why the summer peak should have the form that does. The woods are 
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full light early June late July. Why then should 
find conspicuous woodland flowers June but five six species 
Nor there any evident correlation with either the temperature (fig. 
the rainfall (fig. 3). The most likely explanation would that due 
some kind interaction with length day. The last two decades have seen 
great progress the interpretation blooming-dates with regard length 
day (Garner 1937). now known that there are least two funda- 
mentally different kinds plants: ‘short day’ and ‘long day.’ Since the 
spring peak occurs during the period when days are lengthening, and the 
summer peak during that when they are shortening, would seem that 
length day one the factors involved. However, the maxima the 
eurve not bear any simple relation day length. The spring peak, for 
instance, does not any way coincide with the greatest length (June 21) 
with the greatest increase length (March 21). anything comes 
closer the latter than the former and may that longer growing 
season the maxima would fall the periods maximum and 
decrease (March and September 21). Obviously this not question 
which can settled records blooming-dates from single latitude. 
When similar statistics have been presented for other species and for other 
localities may then possible discuss the phenomena authoritatively. 
with the hope that comparable records may collected elsewhere 
some these same species that the original data for 1938 have been pre- 
sented full table would seem probable that group these 
same species could studied the north they might show single peak 
bloom. Farther south one would expect even wider division between 
peaks than found Missouri. 


SUMMARY 


method for combining data blooming-periods from 
various species produce generalized curve for entire locality. 

the use this method the blooming-season 100 species native 
Gray Summit, Missouri, was analyzed for successive years. their 
main features the curves were similar. Each showed (a) sharp peak 
bloom the spring (b) almost equally abrupt cessation bloom early 
summer broad peak bloom late summer and autumn. 

The interpretation the factors responsible for these three features 
are discussed and the interplay both environmental and inherent factors 
suggested. 

Asa first step analysis the above curve broken down into separate 
curves for the three main types habitat the area and for the three chief 
distribution centers characterizing the species. 

shown that the data from this one locality not provide 
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evidence for evaluating the roles played environment and germplasm 
the determination blooming-seasons. 

The actual data are presented tabulated form the hope that com- 
parable statistics may collected for some these same species other 


localities. 
GARDEN 
AND 
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MICROSPOROGENESIS TRIPLOID AND DIPLOID PLANTS 
HEMEROCALLIS FULVA 


er 
CLYDE CHANDLER 


(WITH SIXTY-ONE FIGURES) 


INTRODUCTION 


The object this study compare the old and widely cultivated 
triploid clone, Hemerocallis fulva clone Europa, with wild diploid plants 
this same species respect (1) the identity and structure the chromo- 
somes each genom; (2) the behavior these chromosomes microsporo- 
and (3) the extent and character the various irregularities which 
result the abortion microspores. 

Triploid clones cultivation (Stout 1932) comprise: the single- 
flowered (a) Europa Daylily and (b) the Maculata Daylily; the double- 
flowered types known under the names (a) Kwanso, (b) Flore Pleno, and 
(c) Variegated. All these plants are similar habit growth and color 
flowers and all obviously belong the somewhat variable wild species 
fulva. 

The cytological studies already made fulva may grouped 
follows: 

Nearly all studies have been fulva clone Europa. Many authors, 
Tangl (1882), Strasburger (1882), Biourge (1892), Juel (1897), Full- 
mer (1899), Schurhoff (1913), Tischler (1915), Belling (1925), Yamaha 
(1926), and Stout and Susa (1929), have studied plants this clone and 
have been chiefly concerned with the numerous irregularities which occur 
during meiosis. Belling (1925) recognized that this clone triploid, and 
this condition affords new interpretation the earlier observations 
much irregularity during meiosis. 

Takenaka (1929) made studies somatic cells root tips plant 
which called fulva and found the triploid number chromosomes. 
His plant may may not have been member the clone Europa. 

few studies have been made with other triploid clones this species. 
Takenaka (1929) reported triploidy double-flowered clone which 
called disticha var. Kwanso.’’ This one the old cultivated 

Another clone commonly designated Flore Pleno was studied 
Sienicka (1929). She reported irregular nuclear behavior during meiosis 
which results polyspory. Unequal distribution chromosomes first 
division was recognized however the chromosome number was not deter- 


mined for this clone. 
Some studies have been made diploid plants. Takenaka (1929) 
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found the diploid number plants ‘‘H. disticha and 
both which evidently are included the species 
fulva (Stout 1934). 

Dark (1932) studied diploid plant fulva which considered 
the type from which the triploid fulva clone Kwanso probably arose. 
the eleven chromosomes single genom, Dark distinguished three pairs 
long chromosomes with median sub-median attachment constrictions 
and from two four pairs with sub-terminal attachments, other paper 
has attempt identify the chromosomes any plant fulva been 
reported. 

Stout (1932) reported the result cytological studies made seed- 
lings obtained crossing the triploid fulvous daylilies, clone Europa and 
clone Maculata, with certain diploids. The majority these seedlings were 
diploid, few were triploid, and several were aneuploid with num- 
bers which fluctuated between the diploid and the triploid. 

thus well established that the species Hemerocallis fulva 
plants with diploid number chromosomes and plants with triploid 
number chromosomes. 

The diploid number (22) has been well established all the other species 
Hemerocallis which have been investigated (Stout 1932, Takenaka 1929, 
Dark 1932, and Matsuura and 1935). 


MATERIAL 


The studies the triploid condition reported this paper are 
the widely cultivated clone the single-flowered fulvous daylily which 
was cultivation Europe early 1576 (Lobel 1576) and which has 
been propagated vegetative means only. These plants are referred 
fulva clone Europa’’ (Stout 1932). This clone completely self-in- 
compatible that its members produce seeds self, close, intra-clonal 
pollinations. Only small percentage the pollen formed viable. The re- 
sults numerous hybridizing pollinations indicate that very few the 
ovules are able form seed seed production. More than seeds have never 
been obtained any capsule (Stout and Chandler 1933). There are, then, 
two types sterility the members the clone Europa: (1) 
physiological incompatibilities fertilization and (2) abortion 
spores, which reported detail this paper. 

1933 seeds wild plants Hemerocallis fulva were received from 
Albert Steward, who collected them near Shan, Kiangsi Provinee, 
China. Plants grown from these seeds are now well established the New 
York Botanical Garden, and from these diploid plants that material has 
been collected and studied for comparison with the triploid clone Europa. 
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METHODS 


Aceto-carmine smears pollen mother-cells were made according 
Belling’s method (1921), and made permanent the method described 
Some these preparations have been kept good con- 
dition for eight months sealing them with mixture paraffin and gum 
mastic. The staining the chromatin material the early prophases was 
improved adding trace Ehrlich’s haematoxylin the aceto-carmine, 
care being taken prevent the formation precipitate. 

Anthers from the young flower buds were fixed with Flemming’s ‘‘me- 
fluid, with Carnoy’s, Nawashin’s, Allen’s modification Bouin’s, 
and fixatives. Microtome sections were made from 
thickness. Flemming’s triple stain, Heidenhain’s haematoxylin, and New- 
ton’s gentian-violet-iodine combination were used. Feulgen’s reaction was 
especially helpful locating chromatin material often found the 
plasm outside the organized nucleus. 

Smears (Warmke 1935, Heitz 1926) well paraffin sections root 
tips were made. The fixatives and stains used for anthers were employed 
also for making permanent slides. Both cross and longitudinal sections were 
studied. 

Mature pollen grains were prepared for study the methyl green 
glycerine jelly method described Wodehouse (1935). 


drawings showing the relative sizes and shapes the 
eleven chromosomes genom Hemerocallis fulva clone Europa. 


THE IDENTITY AND NUMBER THE CHROMOSOMES 


The three sets eleven chromosomes each the triploid Hemerocallis 
fulva clone Europa may identified mitosis (fig. 1). all 
the three homologous chromosomes are alike that have not been able 
distinguish between them. These studies were made from prepared slides 
root tips fixed with Flemming’s medium fluid and stained with Heiden- 
hain’s haematoxylin and Flemming’s triple combination. Each the 
eleven chromosomes set has been identified. 

The data presented table may conveniently summarized 

Four the chromosomes, and have median attachment 
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TABLE 
The chromosomes the type clone Hemerocallis Europa 


Chromosome Length Insertion region 

Median 

§.1 Sub-terminal 
3.4 -3.4 Median 

Sub-median 

Median 

Terminal 
Sub-terminal 


Sub-terminal 
Terminal 
Terminal 
Median 


Oo bo Ge bo 


wo 


regions, being the largest and the smallest. and can identified 
only careful measurements. Both and have sub-median insertion 
regions. The body longer than that Chromosomes and have 
sub-terminal attachment regions, being the larger. and appear 


have terminal fiber attachment regions and can distinguished mea- 
surements. 

the diploid, the two sets eleven chromosomes were identified each 
chromosome identical appearance with chromosome the triploid. 


MEIOSIS THE DIPLOID (2n COMPARED WITH THAT THE TRIPLOID 
(3n 33) 
Prophases the Heterotypic Division 
the early prophase stage the diploid and triploid plants studied 
this investigation, the nuclei are crowded with long fine zigzag 
threads which casual glance appear form irregular network. 
Closer study reveals that these threads are not continuous, but are mass 
single individual chromosomes. The pairing homologous chromosomes 
both diploid and triploid plants always parasynaptic. 
the nucleus the diploid synapsis one large nucleolus present. 
definite nuclear membrane persists. Elongated chromatin threads, usu- 
ally closely paired, chromomere for chromomere, throughout their entire 
length (fig. are well distributed throughout the nuclear cavity. The chro- 
momeres, first known Pfitzner’s granules (Pfitzner 1881) are various 
sizes and appear spheroidal, but owing their small size further division 
chromomeres into chromioles (Eisen 1899) has been observed. The chro- 
momeres appear line surrounded achromatic matrix. the 
diploid may said that during the zygotene and pachytene stages there 
close association the homologs each complement. 
the triploid the three homologs the eleven chromosomal types have 
various degrees association: (1) All three homologs may rather closely 
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associated and very few the chromomeres fail become associated with 
other chromomeres. Though few workers have reported this type associa- 
tion, has been observed Belling (1929) who was the opinion that all 
three homologous chromosomes triploid hyacinth become completely 
synapsed, the threads forming trihedral filament with flattened angles. 
Similar associations have been found few other species. Skovsted 
(1933) found triploid Asiatic cotton some triple threads. Olmo 
(1934) did not observe triple synapsis throughout the length the chro- 
mosome the triploid Nicotiana tabacum but reports triple synapsis for 
length the chromosome. found that three general re- 
gions the chromosome seem favor triple synapsis: the large terminal 
chromomeres, the spindle fiber attachment regions, and lengths the chro- 
monemata which prominent chromomeres are closely adjacent. becomes 
evident that the degree association homologous chromosomes during 
early prophase depends upon the type triploid studied. ex- 
pected that the associations homologous chromosomes autotriploid 
may more complete than those allotriploids triploids having less 
homologous chromosomes. 

(2) Close pairing two the homologs with very loose pairing the 
third was seen. This type association has been for the majority 
the triploids studied previous investigators. 

(3) third chromosome may remain completely unassociated with the 
other two its group. This behavior has been observed also triploid 


Explanation Figures 2-12 

pollen mother-cell the diploid fulva, showing two homologous 

pollen mother-cell the triploid fulva, showing the associations 
three homologous chromosomes pachytene. 750. 

Diakinesis the diploid, showing eleven chromatin groups eleven bivalents. 
750. 

Diakinesis the triploid, showing thirteen chromatin groups include 
trivalents and three univalents. Aceto-carmine. 750. 

Late diakinesis the diploid, showing eleven bivalents which are about enter 

Late diakinesis the triploid, showing eleven trivalents just before the first 
metaphase. 750. 

Equatorial plate the triploid, showing univalents lagging the periphery 
the cell. 750. 

Fic. Equatorial plate the diploid. Homologs separating previous first anaphase. 
750. 

Fic. plate the triploid; the chromatin material organized irregular 
masses which may later form nucleus. Aceto-carmine. 750. 

First anaphase the diploid; the chromatids the eleven chromosomes each 
pole separating for the second division. Aceto-carmine. 

First anaphase the triploid with chromosomes one pole and the 
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Nicotiana tabacum Olmo (1934) and triploid wheat Horton (1936). 
prophase zygotene and pachytene univalent, bivalent, and trivalent 
association the three homologs the eleven chromosome types can 
seen (fig. 3). Horton has proposed the term ‘‘amphispireme’’ for this stage 
meiosis which paired and unpaired chromatin threads exist. Multi- 
valents more than three chromosomes which might the result strue- 
tural hybridity, translocations, inversions were not seen. diakinesis 
two cells were seen each which were ten trivalents and three univalents. 
Further observations would possibly reveal this type association the 
earlier prophases. 

Diakinesis 
the diploid there are eleven pairs chromosomes. unpaired 
chromatic elements were observed. The homologous chromosomes, each com- 
posed two tightly coiled chromonemata, are much shortened this time. 
The association is, however, rather loose. They are not, some plants, 
arranged peripherally within the nuclear membrane, but are scattered 
throughout the nuclear cavity (fig. 4). One spherical nucleolus generally 
present each nucleus. One and sometimes two chromosomes are often 
closely appressed against the surface the nucleolus; but many nucleoli 
show association with any chromosome. Two nucleoli are sometimes 
present single nucleus. During the later stages diakinesis chiasmata 
were observed for the longer chromosomes (fig. 6). 

the triploid the three homologs each the eleven chromosome 
types may associated any one the four ways previously described. 
study was made (table the frequency and distribution these 
associations among the eleven chromosomal types. 


TABLE 


Frequency and distribution the associations among the eleven chromosome 
types during diakinesis 


Number Number and type Total number Number chro- 
cells configurations chromosomes matin masses 


clearly evident that the nuclei there were complete asso- 
ciations all three homologs each chromosome type (figs. 7). the 
other 118 cells the associations were less complete and resulted the forma- 
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tion univalents, bivalents, and trivalents. three cells which all chro- 
mosomes were identified all three the homologs one the chromosomal 
types remained completely unassociated. 

each cell diakinesis chromosomes were present; none had disin- 
tegrated into the cytoplasm. Occasionally nucleus was seen 
which the chromosomes had lost all identity and the chromatin material 
appeared knotted mass. This evidently the beginning disintegra- 
tion the chromatin material the earlier stages meiosis. pollen 
mother-cell was chromatin observed which had been discharged into the 
before first division the manner reported Timm (1928). 


Metaphase the First Division 


the diploid eleven bivalents are arranged the equatorial region 
(fig. 9). this time the homologs are closely associated and unpaired 
chromatin elements are found. The chromosomes are short and thick. 
Chiasmata are evidence. The chromatids are tightly coiled that 
further division duplication here visible, although such division 
duplication probably occurs. 

the triploid eleven trivalents have occasionally been seen the equa- 
torial region. Varying numbers trivalents, bivalents, and univalents are 
more frequent. This agrees with the reports Belling (1925) and 


(1929). often difficult interpret the associations chromosomes 
metaphase, may seen figure 10. 


Explanation Figures 13-22 

First anaphase the diploid, showing elongated chromatids completely sepa- 
rated except the insertion region. 750. 

First anaphase the triploid, showing chromatids stretched across the equatorial 
region between the two poles. 750, 

Early telophase the triploid. 750. 

Second anaphase the diploid with eleven chromosomes each pole. 

Second anaphase the triploid with chromosomes two poles and the 
the other two poles. 

anaphase the triploid, showing three lagging chromosomes and 
microcyst formed first division. Fourteen chromosomes one cell and 
the other have duplicated and separated. 

the triploid the end second anaphase cells were seen which the 
chromatids have not undergone second division but remained associated 
their insertion regions giving the characteristic X-shaped structures. Lagging 
chromosomes may under division and often have accessory spindles their 
own. 

The generative nucleus the diploid divides after passes into the pollen tube. 
Eleven chromosomes passing each pole. Carnoy’s, gentian violet. 750. 

The generative nucleus the triploid may divide the tube. Thirteen chromo- 
somes may identified. Three chromosomes and one each the other 
types are present here. Carnoy’s, gentian violet. 750. 

The generative nucleus the triploid may divide within the microspore. Twelve 
chromosomes may identified. Two chromosomes and one each the 
other types are present here. Carnoy’s, gentian violet. 


Fig. 13. 

14. 
Fig. 15. 
16. 
17. 
Fig. 18. 
19. 
Fig. 20. 
Fig. 21. 
Fig. 22. 
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many five univalents have been seen lagging the cytoplasm (fig. 
8). These probably never reach the equatorial plate. Irregular distribution 
chromosomes the poles may due part this failure univalents 
become oriented the spindle. This will more fully discussed later. 


Anaphase the First Division 


the diploid the homologous chromosomes associated metaphase 
separate and move toward the respective poles. this time the chromatids 
each chromosome begin separate, except the insertion region, for the 
second meiotic division. figure may clearly seen that one homolog 
each pair chromosomes passes each pole, and when they are some- 
what all may identified each pole. unequal distribution 
lagging chromosomes has been observed the first division the diploid. 
The chromatids appear elongated and the sister chromatids are widely 
separated except the insertion regions (fig. 13). 

the triploid clone both unequal distribution and lagging chromo- 
somes are prevalent (fig. 12). All chromosomes were identified ten cells 
first anaphase (table 3). For these observations cells showing the least ir- 
regularity chromosomal distributions were selected. the earlier 
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Distribution identified chromosomes first division 
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Chromatid stretched across equatorial plate from one pole the other pole. 
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stages the three types association between homologous chromosomes may 
seen this time. nineteen cells the three homologs passed the same 
pole. two these chromosome behaved this way; one, chromo- 

The distribution chromosomes other cells which the chromosomes 
could counted but not identified shown table 


TABLE 
Distribution unidentified chromosomes first division 


Pole Total number 
ole 
chromosomes 


Pole Lags Number cells 


w 


bo 


nao 


~ 


| 
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The study cells the time when the chromosomes are passing 
their respective poles during first anaphase shows that most the 
chromosomes are rather évenly distributed the two poles, the most fre- 
quent distributions being 18—15, 17—16, and 19—14. 

Much irregularity the distribution chromosomes the poles results 
from lagging chromosomes the equatorial region. many nine have 
been observed about the equatorial plate after the other chromosomes 
have moved the poles. clearly evident that these different irregular- 
ities which end abortion microspores are not attributed the 
aberrant behavior any one Evidently mechanism which 
ordinarily effectively for the distribution chromosomes into two 
equal groups when only two genoms are involved does not operate dis- 
tribute the chromosomes into equal groups when three genoms are present. 
few seven chromosomes may seen one pole. Further irregularities, 
such the formation the chromatin bridges previously noted fulva 
Juel (1897), Sienicka (1929), and Stout and Susa (1929), are not infre- 
quent. Chromatin material may stretched between the two poles, seen 
figure 14. may concluded that the chromatin bridges the first 
anaphase result from the incomplete separation chromatids due the 
failure terminalization chiasmata. 

further study cells the triploid first anaphase and telophase 
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was made determine the number lagging chromosomes first division. 


The numbers were follows: 


to 


Number 


Twenty-nine cells (61.7 per cent) had lagging chromosomes. Eighteen 
cells (38.2 per cent) seem have passed through first division without any 
single chromosome was found lagging, various chromosomes have been 
identified. clearly evident that lagging not function particular 
chromosome. 

The many irregularities this triploid clone fulva clone Europa) 
attracted the attention earlier workers, such Strasburger (1882). 
Takenaka (1929) reported unequal distribution chromosomes first 
anaphase, which gave ‘‘various combinations, e.g., 15, 18; 14, 18, 14, 17, 
16, 16, for the clone Kwanso. mention the frequency 
the appearance these various combinations was made. 

During first anaphase may said that the diploid there equal 
distribution the chromosomes their respective poles. lagging was 
observed. 

the triploid unequal distribution chromosomes the poles, lagging 
chromosomes the equatorial region, and chromatin bridges are prevalent. 


Telophase the First Division 


the diploid shortly after the eleven pairs homologous chromosomes 
reach their respective poles the coils the chromonemata loosen and nu- 
clear membrane formed around the chromosomes. deeply staining par- 
tition formed the equatorial region the spindle, but not 
completed this time (fig. 37). 

the triploid many seven daughter nuclei were observed, each 
connected with two others spindle fibers shown figure 29. evi- 
dent from studies made second telophase that such pollen mother-cell 
may not undergo further division. Similar figures have been seen anthers 
which most the pollen mother-cells were second telophase. 

The chromosomes which lag may completely lose their 
form and appear homogeneous material (microcysts) held small 
oles the cytoplasm (figs. 33-37; compare Lilium tigrinum reported 
Chandler, Porterfield, and Stout 1937) they may round into small 


Explanation Figures 23-26 
23. Mature pollen grains the diploid. Methyl green glycerine jelly. 85. 
24. Mature pollen grains the triploid. Methyl green glycerine jelly. 85. 
Germinating pollen the diploid. 35. 
26. Germinating pollen the triploid. Aceto-carmine. 35. 
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nuclei and included the cytoplasm microcytes (fig. 32), which case 
they may retain recognizable form (fig. 31). many four 
have been observed the cytoplasm pollen mother-cell the end the 
first division (fig. 34). Lagging chromosomes may also arranged 
spindle their own and divide simultaneously with the other chromosomes 
the (fig. 36). 

Pollen mother-cells with nuclei have been occasionally observed 
(fig. 27). The nucleus may not divide, which case usually becomes ir- 
regular shape (fig. 28), the end the first telophase the two nuclei 
may undulated (fig. 30). The same figure shows that both microcysts and 
may found the same pollen mother-cell. 


27-37. Camera lucida drawings pollen mother-cells the telophase the 
first division the triploid. 27. nucleus pollen mother-cells which 
there was division chromatin. 28. Undulated nucleus which has undergone 
division. 29. Pollen mother-cell which more than two nuclei were formed 
result lagging chromosomes. These nuclei may may not undergo further division. 
30. Pollen mother-cell with two irregular nuclei, one microcyst, and two microcytes, 
one which contains chromatin. 31. Nuclei and micronuclei pollen mother- 
which the chromosomes are X-shaped owing the separation the chromatids 
for the second division. 32. Two nuclei and one micronucleus separated deeply 
staining partition. 33. Two microcysts formed from lagging 34. 
Two large nuclei and four microcysts within one pollen mother-cell wall. Fie. Two 
microcysts and microcyte formed during first telophase addition the two main 
nuclei. 36. Pollen mother-cell showing small spindle formed the division 
lagging chromosomes. 37. Two nuclei formed equal distribution chromosomes, 
with lagging 
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Fullmer (1899) states that bodies with the appearance centrosomes 
are frequently seen the poles. seems quite possible that these microcytes 
and are the bodies which Fullmer referred. 


Interphase 


During interphase both diploid and triploid plants the two nuclei are 
fairly large and the two chromatids each chromosome appear somewhat 
slender, crooked, and apparently single threads joined held together the 
spindle attachment region only. The chromosomes are peripherally arranged 
(fig. 15) and are parallel and somewhat appressed the newly formed nu- 
clear membrane. They become much dispersed before the second division 
ensues. The chromatin material now stains more faintly than any other 
stage during meiosis. 

The Homoeotypic Division 


the prophase the second division the condensing chromosomes, 
both the diploid and the triploid, appear characteristically the form 
threads rods still associated dyads their attachment regions but di- 
verging elsewhere, somewhat less widely than during the previous anaphase. 
the end the second prophase matrices have became conspicuous about 
the chromonemata, and the spindle develops the chromosomes become 
oriented the equatorial region. this time the chromosomes are con- 
siderably shorter and thicker than the end the first anaphase. 

both the diploid and the triploid may noted that during meta- 
phase the chromosomes are now much shortened and thickened. The two 
sister chromatids assume more parallel position and soon separate com- 
pletely. 

the triploid and formed from first division lags 
described Chandler, Porterfield, and Stout (1937) are plainly visible 
the periphery the equatorial plate region. 

the diploid the second anaphase regular and eleven chromosomes 
pass each pole (fig. 16). 

the triploid the two sister nuclei often have the same number 
chromosomes the second division, but owing lagging chromosomes 
second anaphase this number may unequal. Chromosomes which lag 
this time may become vacuolated and dispersed vacuoles the 
and form they may form microcytes like those formed from 
lags the first division. has also been observed that the difference the 
number chromosomes sister nuclei cannot interpreted the basis 
lagging chromosomes alone. evident that sister chromosomes may 
distributed the same pole. 

Chromatin bridges were also seen cells the second anaphase, though 
less frequently than during first anaphase. These are for the most part 
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formed between two chromatids two homologs during the anaphase the 
first division, which have persisted through the second anaphase. They may 
recognized their orientation toward the partitions formed first and 
second divisions well toward the four chromosomal Chromo- 
somes which lag for time the equatorial region may later move toward 
the pole. One end the chromosome may held the equatorial region, 
thus stretching chromatin material from the equator one pole. This 
purely mechanical process which does not correspond any way the 
processes ordinarily involved the formation generally recognized chro- 
matin bridges. The separation sister chromosomes the second anaphase 
may not proceed with exact precision, which case the complete separation 
two the sister chromosomes may delayed. such cells during early 
anaphase chromatin material stretched across the equatorial region. These 
may may not persist (fig. 18). 

obtain satisfactory preparations for the study the 
distribution chromosomes the second division, since slight pressure 
the cover glass does not scatter the chromosomes does the anaphase 
first division. The chromosomes one figure will often spread that identi- 
fication individual chromosomes possible, but can one identify 
all the chromosomes all four groups. However, all chromosomes were 
identified five cells. ten other cells was possible count and study 
the distribution the chromosomes their respective poles. many 
eight lags have been found the spindle region the division. 
some cells chromosomes were found lagging second anaphase (fig. 
17). 

The studies the distribution chromosomes the di- 
vision the triploid are summarized table 

Thirty-one other cells second anaphase and early telophase were 
studied with respect the number lagging chromosomes, with data 
follows: 


to 
ww 


Lagging chromosomes shown figures and were observed 
least per cent the pollen mother-cells studied. cell was entire 
set eleven chromosomes observed among the laggards. 

the diploid during telophase the division partition 
formed the region the equatorial plate perpendicular the long 
axis the spindle, which may parallel perpendicular the partition 
formed the end the heterotypie division (fig. 38). The nucleus assumes 
the resting condition, which typical for the nucleus the pollen grain. 

the triploid the telophase proceeds the same way when only four 
nuclei are formed. When lagging chromosomes are present, small nucleus 
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Distribution chromosomes second division 
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identity, round up, and appear microcyst the cytoplasm (fig. 
considering the position the lagging units the cytoplasm one can 
distinguish fairly accurately the laggards first division from the laggards 
second division (fig. 41). Chromosomes may remain the cytoplasm with- 
out forming microcysts microcytes and divide small individual spindles 
the end second telophase (fig. 40). may also formed from 
chromosomes lagging second division (fig. 39). 


38-41. Pollen mother-cells the telophase the second division. 38. Four 
nuclei single pollen mother-cell. 39. Small nucleus formed from second divi- 
sion lag, with the four nuclei usually formed. 40. chromosome which lagged dur- 
ing first division and retained its individual form, dividing simultaneously with the other 
chromosomes the 41. Pollen mother-cell containing the cytoplasm. 


Division the Cytosome 


The writer has observed both the diploid and the triploid that during 
late anaphase and telophase the first division dark staining partition 
formed the equatorial region the spindle fibers and right angles 
the longest axis the fibers. (See diagrams first division figs. 31-37.) 
Occasionally pollen mother-cells (figs. 27-30) were seen which there was 
division the the telophase second division partition 
formed the equatorial region each spindle perpendicular the 
longest axis the spindle well perpendicular the partition formed 
the end first division (fig. 48). 

Furrowing begins the periphery the cytoplasm and proceeds in- 
ward along the region the partition formed during first telophase (fig. 44). 
Shortly thereafter (almost simultaneously furrow begins the periphery 
the cytoplasm and proceeds inward along the region the partitions 
formed during second telophase (fig. 45). These furrows continue until the 
microspores are completely separated (figs. 46, The mode division 
the cytosome therefore simultaneous one. Strasburger (1882) thought 
that Hemerocallis fulva the cytosome divides result successive cell 
plate formations, while Tangl reported that the pollen mother-cell divides 
into four cells simultaneously. Yamaha (1926) reported that this division 
fulva may either successive simultaneous. 

the triploid few pollen mother-cells have been observed which 
division the the cytoplasmic contents had single 
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nucleus, irregular outline, persists (fig. 42). The chromatin material ap- 
pears clumped, and each clump seems homogenous throughout though 
some process disintegration chromatin material were well under way. 

Sometimes only two cells are formed from pollen mother-cell re- 
ported Stout and Susa (1929). The chromosomes these nuclei have 
their chromatids widely separated except the insertion region, which gives 
them the characteristic appearance depending upon the 
position the insertion region. these cells seems evident that the 
division has not (fig. 43). Small microcytes may 
addition the two large cells. such cases more than two cells may 
formed the division and these cells may not undergo any 
further division. 

The lagging units chromatin for the most part are oriented small 
spindles which are quite distinct from the two larger spindles the cell. 


42-51. Division the 42. Amoeboid nucleus which 
division chromatin occurred. 43. Two cells resulting from first division which 
the division has not 44. Furrowing first begins the plane 
the partition formed first division. 45. Furrowing proceeds simultaneously 
the plane the partition found second division. 46. Furrowing proceeds from 
the periphery toward the center the pollen mother-cell until the spores are completely 
separated seen fig. 47. 48. All four nuclei connected spindle fibers. 
49. Microcyst present the the end second division. 50. Microcyte 
the cyioplasm the cell the end second division. 51. Through simultaneous 
furrowing microcytes are formed which result very small microspores. 
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Partitions are formed the equatorial region the secondary spindles 
perpendicular their longest axis. Through simultaneous furrowing small 
microspores are formed (fig. 51). Frequently microcytes (figs. 
49-50) remain the the microspore and have been observed 
the mature pollen grains. 


THE NUMBER MICROSPORES 


For the diploid the rule that four microspores result from two regu- 
lar divisions pollen mother-cell. 

triploid plants from one twenty microspores have been seen within 
single pollen mother-cell wall. The irregular number microspores well 
their unequal size can explained the manner chromosome distri- 
bution both the first and the second divisions. The principal irregularities 
this time are follows (see table 

(1) Only two pollen mother cells have been seen which there was 
organization division chromatin (fig. 52). 

(2) Two large cells within single pollen mother-cell wall have been seen 
the time when all surrounding pollen mother-cells have completed the 
division. Evidently only the division occurred 
these mother-cells (fig. 53). 

(3) two large microspores with several smaller microspores 
have been observed within single pollen mother-cell wall. From the ap- 
pearance the chromatin material their nuclei, evident that they 
are the result the division and that further division 
curred. many ten microspores various sizes may formed the 
end first division. 

(4) Frequently four large microspores with from one four smaller 
microspores within single pollen mother-cell wall (figs. 55, 56). 
clear from studies second division metaphase that laggards the first 
division may divide second Four large spores may result from 
the two divisions pollen mother-cell (fig. 54). 

(5) The smaller the microspores the fewer chromosomes there are the 
nucleus the spore. cells where cytoplasm cut out and nuclear 
membrane formed about the lagging chromosomes, they round up, lose 
their characteristic shapes, and form the cytoplasm the 
microspore (figs. 57,61). large number microspores due the forma- 
tion more than two nuclei (as many ten have been observed) with the 
division many all these the stage. many small 
microspores were observed within single pollen mother-cell wall (fig. 61). 
four large and five six small microspores (figs. 58,59) two 
large and eight smaller microspores were seen within pollen mother-cell 


wall (fig. 60). 
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52-61. Camera lucida outlines ten pollen mother-cells containing different 
numbers microspores. 52. Pollen mother-cell which division nuclear 
material 53. Two cells which resulted from single division. 
54. Four spores nearly equal size. 55. Small cell containing microcyst but 
nuclear organization, formed addition four cells equal size, one which con- 
tains microcyst its cytoplasm. 56-61. Increased numbers cells from single 
pollen mother-cells; the majority have organized nuclei, others have microcysts the 
cytoplasm single chromosome which has not been dispersed. 


Four spores approximately the same size were observed only 26.6 


per cent the pollen mother-cells studied. 


TABLE 
Number and relative sizes spores formed from single pollen mother-cells 
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THE 


MICROSPORE NUCLEUS AND ITS DIVISION 


From the present study the microspore the diploid clear that 
single, large, spherical nucleus present each microspore. only 
few spores has this nucleus appeared irregular shape. 

the triploid the microspores which appear most normal usually have 
one large spherical nucleus. thin chromatin threads form fine network. 
However, pollen grains similar size the nucleus appears oblong, 
oval, amoeboid outline; such grains may not viable. 
single large nucleolus usually present each nucleus, although many 
five nucleoli have been seen single somewhat thickened 
wall developed about each microspore. case further development the 
nucleus moves the periphery the cell, where mitosis and cell division 
produce large vegetative cell and smaller generative cell. The latter soon 
migrates into the cytoplasm the vegetative cell. This completed the 
time when the anthers are about four-fifths their mature size. 

The chromosomes the early prophase the mitosis the microspore 
nucleus are long and comparatively straight. the time they reach the 
equatorial plate they have become shortened approximately one half the 
length seen the earlier prophases. They are therefore compact and take 
stain very readily. certain cells all chromosomes have been identified. The 
number chromosomes participating this division varies different cells. 
The following numbers have been observed: one one 
probable that further study would reveal much lower number chromo- 
somes the equatorial plate mitosis the vegetative nucleus, reported 
Stout and Susa (1929), who saw few six, might reveal many 
22, which the breeding data suggest. may concluded that spores are 
formed which have other than eleven chromosomes. 


MITOSIS THE GENERATIVE NUCLEUS 


The generative cell divides form two male gametes. This division may 
occur the pollen grain before the pollen tube formed may take place 
the growing pollen tube. 

The mitosis the generative nucleus was studied pollen tubes grown 
artificial media, These preparations were prepared for study the 
method deseribed Beatty (1937). 

The pollen tube begins protrude from the germinal aperture only 
few minutes after pollen scattered the agar. Approximately two hours 
later the generative cell passes into the tube, and the end four hours 
early and late prophases, metaphases, and anaphases can studied. the 
diploid chromosomes were frequently recognized each pole the 
anaphase 20). 
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the triploid, mitosis the generative nucleus was studied the grain 
(fig. 22) well the tube (fig. 21). only few tubes was the number 
chromosomes determined for the generative nucleus. one figure thir- 
teen chromosomes were counted and identified. Presumably the variation 
number would correspond those the vegetative cell. 


VIABILITY THE POLLEN 


has been reported (Stout and Susa 1929) that germination more 
than per cent was obtained for pollen the triploid fulva clone Europa. 
Further tests germination have given results agreement with this 
earlier report. Only few the larger grains germinate (fig. 26). Many 
the grains which not germinate have contents. The pollen 
grains the triploid are quite variable size (fig. 24). 

the germination tests pollen from the diploid least per cent 
the grains produce long tubes (fig. 25). All the pollen grains have proto- 
plasmie contents and appear quite uniform size (fig. 23). Possibly 
the grains which did not germinate these tests would with another 
treatment. 

ABILITY POLLEN FUNCTION FERTILIZATION 

There much self- and cross-incompatibility plants fulva, but 
there has been difficulty obtaining seeds diploid plants pollin- 
ations that result compatible 

Twenty-three seedlings which have fulva clone Europa one parent, 
either the seed parent the pollen parent, and diploid daylilies for the 
other parent, have been grown the New York Botanical Garden. The 
somatic numbers chromosomes these plants ranged from 33. 
seems evident (Stout 1932) that the gametes the triploid which function 
most frequently fertilization have chromosomes, but that the number 
chromosomes functioning gametes may vary and rise least 22. 
The mechanism for the distribution two sets chromosomes into two 
equal groups genoms does not seem adequate for the distribution three 
sets into equal groups. Yet does operate the extent that some functional 
gametes are formed. 

SUMMARY 

The chromosomes have been identified both diploid and triploid 
plants Hemerocallis fulva. Two complete genoms chromosomes each 
were found diploid plants grown from seed collected China. Three 
such genoms were found plants the widely cultivated clone fulva 
clone Europa. 

Meiosis proceeds regularly the diploid plants and results pollen 
grains nearly uniform size, least per cent which are viable when 
tested artificial media. 
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The following irregularities have been found during meiosis triploid 
plants 

The associations homologous chromosomes the early pro- 
phases are four types. All three homologs may rather closely associ- 
ated and such cases few chromomeres fail become associated with other 
chromomeres. Close pairing two the homologs with loose association 
the third, which the type described for the majority triploids studied 
various investigators, frequent. third chromosome may remain en- 
tirely unassociated. All three homologs any one chromosome type may 
remain unassociated. These types association result the formation 
univalents, bivalents, and trivalents. 

The distributions the chromosomes the two divisions proceed 
with much irregularity and different numbers chromosomes are dis- 
tributed the daughter nuclei. Lagging chromosomes were observed the 
equatorial region first and second anaphases. These later disintegrate 
the cytoplasm, become vacuolated and dispersed the vacuoles the 
plasm, thus forming microcysts, become organized small nuclei in- 
cluded 

Irregular numbers nuclei are formed both the first and the 
second divisions result the incomplete association homologous 
chromosomes the prophases, and the unequal distribution chromo- 
somes during the first and second anaphases. 

Irregular numbers microspores are formed from single pollen 
mother-cell. These vary size, depending upon the number chromosomes 
contained their only per cent the pollen mother-cells 
studied were four spores formed that were nearly equal size. many 
small cells may formed from one pollen 

more than five per cent the mature pollen grains this triploid 
clone germinate artificial media. Owing self-incompatibility seeds 
have been obtained from this clone self- close-pollinations, but capsules 
are formed from certain hybridizing pollinations with other species and 
many five seeds have been obtained one capsule, This low number 
seeds ovaries which contain many ovules evidence abortion 
during megasporogensis during microsporogenesis. 

The chromosomes the diploid and the triploid are remarkably 
alike form, size, and shape. evidence structural hybridity was ob- 
served. evident that this triploid clone, Europa, arose from diploid 
plant autopolyploidy. 

the general not the universal rule that triploid plants exhibit 
much sterility due abortion spores. This the condition even auto- 
triploids. the Europa daylily, least, the irregularities leading abor- 
tions seem due the third set chromosomes and the effect which its 
members have the mechanism distribution. 
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The writer feels deeply indebted Dr. Stout for his stimulating 
and valuable suggestions during the progress this study and 
the preparation this paper. 
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INFECTION STUDIES THE COVERED SMUT 


BRANDWEIN 


Infection the oat plant has been thought the result close 
relationship between the early development the oat and the development 
the smut, the environment playing significant role. investigation 
determine the effective period infection the oat seedling seemed 
desirable and here set forth. 

This work possible only through technique which 100 per cent 
infection susceptible variety was obtainable. Reed and Faris (25) pre- 
sent method which involves dry spore inoculation seeds whose hulls have 
been removed. These seeds are germinated under constant environmental 
conditions, optimum for infection. The discovery Reed (19) that there 
are among the oat smuts certain races which differ their ability 
infect selected oat variety made possible inoculate seed with smut 
known race. 
REVIEW 


PREVIOUS WORK 


this paper not necessary review the controversy whether the 
flower the seedling the original infection site. excellent review 
this question offered Kolk (14). suffices state that while several 
have offered evidence that flower infection occurs, equally 
evident from the work others* that high percentages when 
the plant infected dry germinated spores placed the seed 
seedling. 

Some evidence available show that the voung oat seedling may 
infected, but not after the first leaf breaks through the coleoptile. Brefeld 
(5) deseribed typical penetration holes three-day-old oat seedling and 
determined roughly the period infection. obtained 17-20 per cent 
infection seedlings 2.5 long, per cent infection seedlings 
long, and per cent infection seedlings em, long. Seedlings whose 
coleoptiles were penetrated the first leaf yielded per cent infection, 
whereas inoculation older plant tissues and the growing point failed. 
therefore, that the the seedling the more susceptible 
infection. 

Kolk (14) studied penetration and development Ustilago Avenae. 
She states that the germ tubes from conidia may penetrate the oat coleoptile 
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any place from its tip its node, She did not find mycelium the seutel- 
lum, the root node, the lower portion the seed- 
lings. seedlings days old the mycelium was distributed the tissues 
the coleoptile and mesocotyl. Kolk also found mycelium the coleoptile 
Black Mesdag, variety resistant the smut she was studying. Since 
then, Western (32) and Brandwein (3) have found considerable 
from number oat varieties that the smut fungus may penetrate the 
coleoptile resistant seedlings. Roesch (27) inoculated seedlings varying 
from mm. em. length. states that the infection period the 
young oat seedling disappears with the eruption the first leaf. 

Studies the physiology and ecology infection augment the evidence 
obtained through histological investigation. (17) suggested that 
whatever hinders the rapid development the seedling and extends the 
periods infection favors the access the fungus the growing point. 
Hiltner (10), however, maintains that while the highly susceptible Fichtelge- 
birg’s oats penetrate the soil rapidly the resistant Ligowa variety, the 
former markedly retarded later development. This, according Hilt- 
ner, may explain the greater susceptibility Fichtelgebirg’s oats. Reed and 
Faris (25) conclude that under controlled conditions moisture, tempera- 
ture, and soil reaction, the greater susceptibility Ustilago levis Avena 
nuda compared with the Victor oat cannot explained differences 
the rate germination the seeds. These authors, like McAlpine, raise the 
question the apparent failure very susceptible plants give infection 
percentages 100 per cent. They suggest that the explanation may the 
difference the rate growth individual seedlings. 

Since then Reed (24) has presented excellent evidence that infection 
oats the seedling and that variation nutrition and light the 
post-seedling stage has effect infection. The evidence indicates that 
the first four days the life the plant are important and that treatment 
unfavorable rapid growth the plant the post-seedling stage does not 
increase infection. Tapke (31), however, reports that environmental condi- 
tions after seedlings emerge may markedly influence the incidence smut. 
points out that the seedling-infecting smuts such the loose smut oats 
and the covered smut barley invade their hosts during emergence the 
seedling from the soil. Under pre-emergence conditions’’ favorable for this 
smut invasion similar percentages smut occurred both the outdoor and 
greenhouse environments, while under ‘‘unfavorable pre-emergence condi- 
greenhouse plants had higher incidence smut than those grown 
the field. Tapke concludes that ‘‘the rugged outdoor environment sus- 
tained and the temperate greenhouse conditions ameliorated the effects the 
relatively unfavorable pre-emergence conditions.’’ proper evaluation 
these results must await more complete data, since must based com- 
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plete knowledge what meant and ‘‘unfavorable pre- 
emergence conditions. 

the basis the data reported here, seems safe predict that 
effective period infection should found the oat seedling. The determi- 
nation such period itself considerable interest and value view 
the various suggestions found the literature. the same time, some 
further knowledge may gleaned about the structural physiological 
modifications which the host undergoes passes from extreme suscepti- 
bility degree immunity the mature plant. may that this im- 
munity the mature susceptible plant not physiological immunity the 
growing point but due morphological changes involved maturation. 

Before proceeding further, necessary establish criterion infee- 
tion. the normal relation between host and parasite, the smut fungus 
penetrates the oat seedling, establishes itself the growing point, and forms 
chlamydospores maturity. From the foregoing summary the literature, 
appears that the fungus may enter the oat seedling but may not sporulate. 
Yet clear that the latter condition much infection the former. 
For the purpose infection the oat may defined rela- 
tionship which terminates with the sporulation the fungus. Any mention 
infection this paper should interpreted this way. However, oppor- 
tunity will taken the for this question. 


EXPERIMENTAL METHOD 


Three varieties Avena sativa were used these experiments, 
Monarch 161), Black Mesdag (S.N. 70), and Markton (S.N. 752). The 
smut used was Ustilago levis race which Monarch 100 per cent sus- 
ceptible, Black Mesdag partially susceptible, and Markton resistant. The 
smut, well the oat varieties, are propagated Dr. Reed the 
Brooklyn Garden. 

The technique used the inoculation, germination, and subsequent 
planting the oats was the same that previously described the writer 
(3). For the purposes this investigation, however, all seeds under mm. 
size were rejected. The seeds were germinated, groove downward, sand 
contained paraffined paper The sand was moistened per cent 
its water-holding capacity and the were placed incubator main- 
tained 20° 

THE EFFECTIVE PERIOD INFECTION 

determine the effective period infection, lots seeds and seedlings 
were inoculated every six hours with dry After the plants 
were generously dusted with spores from rubber bulb, fresh sand the 
same moisture content was carefully placed around and over them. Most 
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the seedlings emerged from the sand hours after planting; 
hours later, rarely earlier, the first leaf broke through the coleoptile. 

summary the results obtained presented table The percent- 
ages infection are the averages the results four plantings, two the 
greenhouse 1938 and 1939 and two the field 1937 and 1939. 


TABLE 
Infection oat varieties inoculated with Ustilago levis race different hours 


Probable 


Hour period Monarch Black Mesdag Markton 
factor! 
(from hours Percent- Percent- Percent- 
planting) time tion tion tion 
(column 

36-42 110 79.0 110 2.7 
106 100.0 107 46.7 102 1.9 
106 98.1 104 46.6 109 
72-78 104 91.4 100 37.0 108 
106 84.9 109 27.5 107 
104 56.7 103 8.7 104 
101 69.3 108 0.0 102 
106 33.0 100 1.0 
100 28.0 100 3.0 101 
108 104 0.0 103 0.0 107 
114 150-156 105 0.0 0.0 
126 162-168 110 0.0 110 
132 168-174 105 102 0.0 108 
138 174-180 107 0.0 103 0.0 


was not thought desirable carry out experiments with 
germinated spores, with conidia, with smut mycelium, since the 
tion the inoculum would entail the addition the medium which was 
grown. 

Table clearly demonstrates that the effective period infection sus- 
ceptible and partially susceptible varieties during the earliest stages 
development. further demonstrates that, the seedlings develop, their 


The age all the seedlings caleulated from the time which the seeds were 
placed sand. 
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for infection correspondingly limited. After the first leaf has 
emerged the capacity for infection zero nearly so. 

comparison the three varieties interesting. Markton, which 
highly resistant, showed 2.7 per cent and 1.9 per cent infection respectively 
when inoculated the zero and 18-hour stages, but was completely resistant 
thereafter. Black Mesdag, which partly susceptible levis race gave 
infection percentages and 2.2 after hours, but 70.9 per cent and 
85.5 per cent zero and hours, with figures decreasing 8.7 per cent 
hours. the other hand, Monarch showed 100 per cent infection (with 
some slight variations) through the inoculation period, with per- 
centages infection decreasing 4.9 per cent hours. After this period, 
subsequent inoculation produced 2.1 per cent infection 102 hours and 1.9 
per cent 126 hours after planting. 


Determination the Actual Period Infection 


The data table become more significant when the actual time 
infection established. Since dusting the seed with the chlamydospore 
the method inoculation used many workers, this method was employed. 

Preliminary experiments established that inoculation seedlings ex- 
posed air failed cause infection. Since such exposure did not injure the 
seedlings was possible perform the following experiment. Seedlings 
hours old were dusted with spores, covered with properly moistened 
lated sand, and placed 20° intervals 20, 24, 28, 32, 36, 40, and 
hours the cups were removed from the incubator, the surface sand removed, 
and the seedlings exposed air. The cups were watered from below. Seed- 
lings Black Mesdag were similarly treated. The seedlings were trans- 
planted soil pots from four eight days after the emergence the 
first leaf and grown maturity. 

Table illustrates that for the Monarch oat, hours contact with 


TABLE 
Infection time oat seedlings inoculated with Ustilago levis race 


Time exposure 
Percentage infection 
Percentage infection 


140 seedlings were used each determination, percentages being based number 
surviving plants. 

hour seedlings were all inoculated the same time. ‘‘Time exposure’’ 
indicates number hours elapsed when the surface layer sand was removed and the 
seedling exposed air stop infection; i.e., hours added ‘‘Time Exposure’’ 
=age seedling. 
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spores sand resulted 100 per cent infection. Twenty hours exposure 
the spores produced 10.5 per cent infection, This with 
observations (Jones 16) that the dry spores may germinate within 
hours under conditions suitable for germination. the latter time, maxi- 
mum germination appears have occurred. Black Mesdag gave variable 
results; maximum infection appears have after hours contact 
with spores sand. Perhaps the infection percentage hours was maxi- 
mum for that group seedlings since, best, infection percentages for 
Black Mesdag may vary from per cent, seems safe consider 
from hours the period necessary for maximum infection 
Monarch and Black Mesdag seedlings. conceivable, however, that seed- 
lings the later stages maturity might require longer period contact 
with spores for infection take place. 

table now examined more closely, may seen that infection 
Monarch may considered occur during the period between and 
hours after planting sand. This period obtained adding 
36-42 hours the inoculation period (column table 1). During this 
period, infection percentages per cent are obtained. 
After hours from the time planting, the infection fall 
rapidly. Seedlings inoculated hours after planting were probably in- 
fected during period hours (or slightly longer) after the inocula- 
tion (table 2), that is, 92-112 hours after planting; while Monarch seed- 
lings inoculated after hours sand were probably infected 
hours after planting. The latter period occurs after the emergence the first 
leaf. 

The figures for infection Black Mesdag (table are variable; the 
highest are those the inoculation times and hours. hours 
after planting, there percentage 46.6 infection, compared with 61.3 
per cent hours after planting. 

The lower limit the period maximum infection for Black Mesdag 
about the same time that for Monarch. Since Black Mesdag 
only partially susceptible, determination more exact limit maximum 
infection time would have little value. 

The seedlings most favorable for the study penetration were 
hours old, the evidence penetration being very plentiful. Yet promycelia 
and conidia with fusion hyphae appeared numerous during the 
36-hour stage after planting the 72-hour stage. 

was necessary ascertain whether seedlings could infected during 
the first hours. had previously been found Reed and Faris (25) that 
seedlings Victor oats were not when they were germinated 
with per cent moisture. was thus possible stop infection 
Victor oats; possibly this could applied Monarch well. 
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Two series plantings were made. one series, the seeds, planted 
sand moistened per cent its water holding capacity and maintained 
20° C., were inoculated with chlamydospores; another, the seeds, 
planted the same manner, were inoculated with spores germinated 
per cent sucrose solution for hours room temperature. The latter bore 
abundant promycelia, conidia, and fusion hyphae. The solution containing 
germinating spores was applied with pipette; accordingly the moisture 
content these seedling cultures somewhat higher. six-hour intervals, 
the cups were removed from the and the seedlings were trans- 
planted sand moistened per cent its water-holding capacity and 
placed one month most the seedlings had penetrated the sand. 
the inoculated control grown sand per cent moisture and 
one plant was infected out total 36. 

The results showed that hours 20° and per cent mois- 
ture the infection dry spores was zero, but with the germinated pro- 
mycelia was 8.4 per cent. After hours maximum infection was reached, 
while after hours 90.9 per cent infection was obtained with germinated 
spores. Nevertheless, must question the accuracy the results obtained 
with the germinated spores since numerous bacteria were found all the 
cultures. the other hand, plants inoculated with the dry chlamydospores 
were 72.5 per cent infected after hours and 96.8 per cent infected after 
hours 20° and per cent moisture. seems that 100 per cent 
tion uncertain before hours when the seed inoculated with the dry 
spores. 

the light these experiments and suggestions the literature, four 
stages may suggested the effective period infection the highly 
susceptible seedling Monarch. must emphasized that this refers only 
conditions which maximum infections 100 per cent may realized. 
These follows: (1) Lower limit moderate infection; from 
approximately hours after planting. (2) Period maximum infection 
from approximately hours after planting. (3) Higher limit mod- 
erate infection; from hours approximately 132 hours after planting. 
(4) Period non-infection. This refers stages past 132 hours which 
inoculation the normal plant with dry spores has been completely 
tive. modification this last point will presented later. 

summary the data from tables and shows that Black Mesdag, 
form moderately susceptible Ustilago levis race has effective period 
infection limited the first 100 hours, under the environmental condi- 
tions maintained. these 100 hours, the period between and hours 
after planting probably constitutes the effective period maximum 
tion. the other hand, Monarch, completely susceptible variety, has 
effective period infection approximately 132 hours. these 132 hours, 
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the period between and hours after planting probably constitutes the 
period maximum infection. apparent that the susceptible variety has 
not only longer effective period infection but longer effective period 
maximum infection, 


Correlation Growth Rate and Maturation with Effective 
Period Infection 

Growth measurements the three varieties, Monarch, Black Mesdag, and 
Markton, were made determine whether their growth rate differed. All 
seedlings were grown under identical conditions 20° coarse sand 
per cent moisture content, Forty seedlings were removed from the sand 
every hours over four-day period and measured. 

comparison the figures demonstrated that the growth rate all was 
remarkably similar every period. fact all the seedlings germinated and 
penetrated the sand approximately the same time. surprising that 
Monarch, the most susceptible them all, grew slightly more rapidly than 
Black Mesdag Markton. Obviously the greater susceptibility Monarch 
cannot explained the basis difference germination and growth 
rate. The foregoing experiments, however, throw some light the nature 
infection. seen that the highly susceptible Monarch, the moderately 
susceptible Black Mesdag, and the resistant Markton grow approximately 
the same rate. equally clear that the effective period infection for 
Black Mesdag shorter than that Monarch. seems, then, that develop- 
ment size masks development resistance infection; the latter, how- 
ever, not correlated with development size. 

necessary explain, however, why susceptible plants sometimes 
vary markedly percentage infection. McAlpine (17) tried explain 
unequal infection the assumption that the host plant must the right 
stage development when the spore conidium has put forth its germ tube 
and that this period does not last long. 

this paper evidence has been presented that short period infection 
exist for the partly susceptible Black Mesdag. Furthermore, experience 
with growth measurements seedlings Black Mesdag shows the great 
variability development any one this also true Monareh and 
Markton. Especially this true the difference and coleoptile 
length different seedlings. hours after planting, this variability 
even more noticeable than hours. Beyer (2) also mentions the fact 
that this variability, especially the length, has been serious 

obstacle all those who have attempted study the physiology the oat 
seedling. 
THE REGION GREATEST INFECTION THE SEEDLING 

(17) remarks that unequal infection the crux the whole 
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stand the conditions under which infection occurs. Two other types ex- 
periments were planned, therefore, the hope that the situation might 
further clarified. One experiment was planned determine the region 
greatest infection the seedling; another determine whether not 
was possible infect mature plants the post-seedling stage, after the 
eruption the first leaf. this way might determined whether the 
immunity the mature plant due physiologic state merely 
the protection the growing point the outer tissues. 

The method used determine the regions greatest infectibility was 
simple though tedious. For infection the coleoptile tip the seedlings were 
surrounded fine sand, with 1-2 mm. the tips exposed dusting with 
spores. For infection the lower end the shoot, about mm. were exposed. 
Many methods were attempted the most satisfactory was place hood 
tinfoil over the seedling. Inoculations were made before planting and 48, 
and hours after. After inoculation, the hood was carefully removed and 
the seedling covered with coarse sand the required moisture content. The 
seedlings were transplanted pots the greenhouse after the usual treat- 
ment. 

The results are summarized table apparent that when different 
portions the seed are inoculated, inoculation the proximal end results 


TABLE 


Region highest infection Monarch oat 


hours hours hours 
(after planting) (after planting) planting 


Seed (at time 


| 
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Cole- Cole- 


infection 
Table 
(Entire 
Plant) 


About mm. were expose for inoculation; were used for each regional 
these plants only the tillers were infected, not the main panicle. 
Five plants with tillers only infected. 
plant with tillers only infected. 


the highest infection. The per cent infections obtained inoculating 
the distal end may due faulty technique. possible that several 
spores the developing mycelium reached the proximal end after the re- 
moval the tinfoil. Theoretically, only one germinating chlamydospore 
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necessary for infection. After hours from planting, inoculation the 
seed end the seedling caused infection per cent, while per cent 
were infected inoculation the tip. Infection per cent was obtained 
inoculation both seed end and end seedlings hours old. 
infection was obtained when the coleoptile tip seed end seedlings 
hours old was These seedlings were studied more carefully 
inoculating successive areas beginning with the seed end the shoot. They 
were treated before, except that additional 2-3 mm. were exposed 
each inoculation. This mm. shoot was thus divided into regions. The 
results are summarized table 


TABLE 


Regional inoculation the Monarch seedling) 


Regions Number Region exposed 
infected 
mm. near coleoptile node 
mm. Lowest part coleoptile below 
growing point and 


All seedlings were inoculated hours after planting. 
plant with tillers only infected. 


apparent that inoculation the caused infection. Yet 
histological examination the epidermis such seedlings shows abundant 
penetration the fungus both and coleoptile. (15) work- 
ing with bunt, maintained that infection was possible only through the por- 
tion the seedling between the root node and coleoptile node. His 
sions, thought, were strengthened his discovery germ tubes the 
tissues the coleoptile barley seedlings which grew into sound plants. 
Lang (16), working with loose smut oats, thought that the was 
the point entry. Kolk (14) found the coleoptile and the meso- 
oat seedlings inoculated with loose smut. The results reported 
here indicate, however, that penetration and subsequent establishment the 
fungus the plant tissue does not mean infection the sense that the para- 
site will sporulate. 

study seedling growth shows that hours after planting the seed- 
ling about 4.5 mm. long. This about per cent the entire growth 
(averaging mm.) four days. After hours the seedling about 
mm, long; the next twenty-four hours the seedling grows additional 
mm. the last two days, per cent the entire four-day growth has 
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occurred, increase rate approximately 480 per cent over that the 
first two days. 

The period maximum infection has been shown exist during the first 
hours after germination. For Monarch, this period may correlated with 
the early slow growth rate. Similarly the period decreasing infection 
begins hours after planting; correlated with the very rapid 
growth rate after this time. 

With the help this evidence, the story infection completely sus- 
ceptible varieties may reconstructed follows: When the seed 
lated and placed under suitable environmental conditions, the spores germi- 
nate and the fungus penetrates the plant between and hours after 
planting. The fungus flourishes within the plant and eventually estab- 
lished the growing point, where remains until sporulation. Spores, how- 
ever, vary their time germination and the fungus may penetrate the 
base the plant hours after planting. does may remain the 
which rapidly elongates, carrying with the growing point. 
the fungus penetrates earlier (60 hours after planting) may eventually 
reach the root node, where may remain until tillers are produced and in- 
feet the growing points these. the other hand, penetration the 
fungus the base the plant hours after planting will probably 
result its establishment the tissues beneath the growing point. Sporu- 
lation may not established and coleoptile only, 
will die when these structures 

While the mycelium may grow rapidly mature tissue the 
immature seedling, certain that hypha entering the seed end 
seedling hours old must traverse over mm. reach the growing 
the fungus enters hours after planting, directly the level 
the growing point. Examination hyphae the coleoptile and 
Monarch seedlings show that they ramify these tissues and not grow 
straight towards the growing point. highly probable, therefore, that the 
hyphae may ramify the coleoptile and further, they 
may reach the crown node the growing point, 

also probable that the growth the mycelium the mature plant 
slower than that the young seedling. Measurements cells oat seed- 
lings 24, 48, 72, and hours after planting show great increase length 
these cells the seedlings mature. About cells approximately simi- 
lar were measured strips epidermis five seedlings. The 
average length follows: 


This figure derived from measurement the average distance the growing 
point from the seed end: about mm. hours after planting. 


OF 
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The width the cells increased proportionately. The cell walls increase 
thickness from about (24 hours after planting) about (60 
hours after planting). Kolk (14) has shown that the hyphae she was study- 
ing tended remain the peripheral the oat cell and did not 
penetrate the vacuole. There sufficient reason assume, therefore, that the 
smut mycelium may retarded its growth toward the growing point 
the thicker walls, the larger cells, and the tonoplast. Altogether, the dis- 
tance the hypha must traverse, and the obstacles present its path toward 
the growing point, help account for the failure realize always 100 per 
cent other high percentages seedlings the Monarch oat 
inoculated hours after planting. 

While low percentages infection highly susceptible variety may 
satisfactorily explained the basis increased growth rate and 
maturation phenomena such thickening the cell wall, appearance 
vacuoles, and cell elongation the late seedling, this explanation may not 
used for moderately susceptible and resistant varieties such Black Mes- 
dag and Markton. These two grow rate remarkably similar that 
other words, these two varieties should, growth and matura- 


tion are the only factors consider immunity smut infection, 
infected easily Monarch. 


INFECTION MATURE PLANTS INOCULATION THE 
GROWING POINT 


was thought that inoculation the growing point mature plants 
should produce infection. Faris and Reed (8) have shown that mature in- 
jured plants sorghum may infected. Injections into the growing point 
and surrounding tissue germinated and dry chlamydospores various 
media hypodermic needle failed produce results 1936, 1937, and 1938. 
Finally, 1939, oat plants were successfully grown maturity paraffined 
paper cups and the following experiments proved successful. Plants were 
grown for three weeks during the spring growing period and for six weeks 
the fall growing period. After this, the bottoms the cups were pierced and 
the cups placed moist chambers containing inch water. The leaves 
the plants were removed and each plant was slit medially the growing point 
node with sharp razor. For three successive days, the plants were covered 
with fine spray per cent sucrose solution, then dusted with the dry 
chlamydospores. After one week and half the covers were removed from 
the moist chambers. The plants were about 1.5 feet height fruiting. 

The results, may well expected, were erratic. one series 
Monarch plants, four were another series plants, were 
Black Mesdag, plants out were infected, while infee- 
tion Markton could obtained. improved inoculation technique may 
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yield greater percentages infection. the basis these results more 
significance may attached the role rate growth and maturation 
decreasing the infection completely susceptible variety such Monarch. 
The rapid rate growth and maturation the seedling presents certain 
obstacles the smut fungus its attempts reach the growing point, 
which, however, remains susceptible. 

With the discovery that oat seedlings could grown maturity the 
paraffined paper cups, the three varieties were grown this manner de- 
termine whether post-seedling stunting growth would increase infection. 
The percentages infection stunted plants were compared with those 
obtained the writer for normal plants and found very similar.’ 
the same time, Dr. Reed (24) was conducting experiments which demon- 
strated that stunting the post-seedling plant varying nutrition and light 
did not affect the infection. This definite evidence that 
oats the infection phenomena during approximately the first five days the 
life the plant are important. Modifications growth nutrition there- 
after not alter, least any externally visible characteristic, the rela- 
tions between host and parasite established during these first few days. 

Finally, has been thought that non-sporulating infection may ad- 
versely affect the oat varieties which such infection present. Brandwein 
(3), working with controlled conditions and known races smut, could not 
substantiate the report Hubbard and Stanton (11) that such varieties 
were adversely affected and height through inoculation with smut. 
Stevens (30) also was unable demonstrate adverse effect mature 
Markton plants. The work here presented further confirms the writer’s 
previous work. the plants inoculated different hours (table many 
which had been hours after planting produced normal main 
heads and were counted non-infected. way could these plants 
distinguished from others the row the plot. Yet from one two 
weeks later many these plants produced infected tillers. Measurements 
the height main stalks, number culms, and yield these plants, and 
with equal number normal plants chosen random from 
the same rows showed little difference, can seen from the 


Monarch Black Mesdag 
Infected Infected 
Average height em. 73.9 80.7 78.7 
Average number culms 8.9 6.1 6.3 
Weight main head gm. 2.2 2.9 3.0 


Normal 


normal plants, 100 per cent; stunted, per cent infections. Markton, 
normal, stunted, infection. Black Mesdag, normal, per cent; stunted, 68.8 per 
cent There were approximately 100 plants each series normal and 
stunted plants. 
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This expected the fungus does not reach the growing point; 
the panicle that produces its characteristic spore masses. the 
other hand, the mycelium remains the crown node, may infect the 
growing points the tillers. 

Reed and Stanton (26), study inheritance resistance the 
smut disease Markton hybrids, found that Markton and its hybrids 
with other varieties few plants were observed which were 
Such plants usually produced infertile spikelets. The spikelets 
some plants were rudimentary, those others were better developed but 
contained some smut spores. Through the kindness Dr. Reed seeds the 
various hybrids which normal infection and blasting were 
supplied the writer. They were inoculated, planted, and grown the 
greenhouse for three weeks the fall 1939. The growing points were then 
removed and examined histologically. Mycelium was detected percentages 
which agreed closely with those given Reed and Stanton for blasting 
these Markton hybrids. seems, therefore, that blasting may due smut 
infection. Perhaps the smut fungus reached the growing point these 
hybrids, disorganized it, but could not complete its life because in- 
ternal conditions unfavorable for its sustained growth. There little cause 
doubt that internal factors Markton are unfavorable for the growth 
the mycelium. 

DISCUSSION 


Much the discussion the data bearing points has been 
presented under the various subdivisions this paper. the purpose 
here consider the data touches the general problem 
tion, with special reference infection the oat plant. 

From reports the literature and from this paper, apparent that 
all grades penetration and infection exist. would benefit offer 
definition infection for purposes clarification and such 
definition must arbitrary. 

proposed consider infection the smuts under three 
heads, seedling invasion, non-sporulating infection, and sporulating infee- 
tion. seedling invasion meant the infection produced the penetra- 
tion the fungus into the coleoptile This invasion the host 
does not seem affect the mature plant adversely under the conditions 
germination described here. Under non-sporulating infection one may con- 
sider the Zade (35), and blasting shown Reed 
and Stanton (26). seems that here the fungus has penetrated much further 
than the seedling invasion that the host adversely affected. However, 
little sporulation accompanies this condition. sporulating infection, 
sporulation the parasite occurs the ovaries and their place taken 
the fungus. noted that there sharp line here. 
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This especially true sportulating infection; spores may found 
parts spikelet, the entire spikelet varying portions the panicle. 

will noted that this classification depends the visible effect the 
parasite the host. must not assumed that causation these different 
grades systemic infection the smut fungus indication the resis- 
tance susceptibility the host. The environmental factors such those 
demonstrated Jones (12) and Jones (13), Reed and Faris 
(25), and Brandwein (4) must carefully considered, since under environ- 
mental conditions unfavorable for infection even highly susceptible plants 
may not show evidence sporulating infection. possible that even 
under favorable environmental conditions sporulating infection will not 
take place, since such infection shown only those plants inoculated 
during limited period. This period occurs early the life the oat seed- 
ling. Furthermore, conditions favorable for the attainment seedling in- 
must established during this period. Yet, highly susceptible 
varieties, the growing point susceptible sporulating infection even 
relatively mature plants. The growing points mature plants the resis- 
tant Markton are all practical purposes never susceptible sporulating 
infection. This means that Markton internal conditions the growing 
point are generally unfavorable the fungus, which cannot establish itself 
even does reach that region. All attempts this writer favor the 


fungus and inhibit the growth the Markton host and all attempts Reed 
(24) with various hosts (by different methods) failed result increased 
The work Smith and Bressman (29) the contrary, however. 

apparent, therefore, that internal factor which may 
genetic controls the stages infection. That this property 


implied the term race’’ and supported the work 
Western (32), who shows that different races smut penetrate differ- 
ent extent Markton, but not produce sporulating infection. The numer- 
ous papers Reed (20, 21, 22, 23) and the work Nicolaisen (18) and 
Reed and Stanton (26) have shown that resistance and susceptibility 
various races smut are inherited according Mendelian laws. 

This genetic factor not confused with the rate growth and 
maturation the seedling. Since Monarch, Black Mesdag, and Markton 
exhibit remarkably similar growth rates but differ greatly their suscepti- 
bility, evident that growth rates alone may not account for the ability 
the plant non-sporulating sperulating infection. Von Rosen- 
stiel (28) considers this from another viewpoint, for finds Bezieh- 
ung zwischen der Lebenskraft der Haferpflanzen und dem Befall dureh 
avenae besteht.’’ Rapid growth may confer apparent immunity upon 
any given susceptible seedling the fungus, for one reason another, does 
not enter establish itself during the effective period maximum 
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tion. This helps explain unequal infection susceptible varieties. Mark- 
ton, however, escapes infection not because its rapid growth rate, since 
this does not differ from that susceptible seedlings, but because the 
operation some internal factor. 

apparent from the work genetics, histology, and ecology infee- 
tion, considered with the data presented here effective periods 
tion, that there are three main factors which operate the infection oat 
varieties given smut fungus. These are: (1) Environmental conditions. 
(2) The rate growth and maturation the seedlings. (3) The 
factor. 

the internal factor (genetic) and the external factor (environment) 
are optimum for the growth the fungus there period which the 
fungus must enter and develop produce maximum sporulating infection. 


SUMMARY 


The infection various oat varieties Avena sativa the covered 
smut, Ustilago levis (Kell. and Sw.) Magn., has been studied under 
trolled environmental conditions. 

Monarch, highly susceptible oat, and Black Mesdag, moder- 
ately susceptible variety, effective period infection has been found 
the seedling. Black Mesdag, this period shorter than 
Similarly, the period maximum infection appears longer Monarch 
than Black 

The growth rates the seedlings Monarch, Black Mesdag, and 
Markton during this effective period infection are remarkably similar. 
Under environmental conditions suitable for infection, the growth rate be- 
tween and hours after planting increases approximately 480 per cent 
over the growth rate during the first hours. this period 
rapidly decreasing infection percentages are found. 

Unequal infection susceptible seedlings may explained the 
basis rate growth and maturation. 

The resistance the Markton oat infection cannot explained 
the basis the growth rate. probably due specific internal factor 
unfavorable the development the smut fungus. 

confirmed that inoculation with the smut fungus under the con- 
trolled environment studied here does not result adverse upon 
the resistant host. 

Regional infection studies the oat seedling indicate that while the 
oat smut may penetrate and develop the this invasion does not 
result sporulation. The coleoptile appears the structure penetration 
which results highest sporulating infection. 

suggested that three sets factors control the relationship oat 
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and smut fungus. They are: (1) specific internal factor which may 
analyzed genetic basis, (2) environmental factors, and (3) growth 
factor. While the internal factor controls true resistance, the growth and 
environmental factors control the amount and extent infection sus- 
ceptible seedlings. 


The following terminology suggested which may clarify discussion 
systemic infection oat smut: 

(a) Seedling invasion. This occurs both susceptible and resistant seed- 
lings and need never result 


infection but does not result 

Sporulating infection. This evidenced sporulation the 
fungus the fruiting structures the host. 


Many thanks are due Dr. George Reed, whom the writer indebted 
for materials, field space, and other aid without which this work could not 
have been accomplished. 

BROOKLYN BOTANIC GARDEN, 

AND 
WASHINGTON SQUARE COLLEGE, 
UNIVERSITY. 
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TAR SPOT AMERICAN HOLLY 


(WITH SIXTEEN FIGURES) 


INTRODUCTION 


1938 Wolf and his associates (14) reported the occurrence the 
Duke Forest tar spot disease the foliage American holly, 
opaca Ait., casued fungus commonly called Macroderma Curtisii (B. 
Rav.) and suggested that this disease deserved special study 
since has not been dealt with previously. Such study was undertaken 
and the results are recorded herein. Besides providing description the 
disease, the purpose this paper present account the structure 
and development the pathogen which will aid determining its sys- 
tematic position and the same time extend the present knowledge 
developmental morphology the Phacidiaceae. 


APPEARANCE THE DISEASE 


The appearance tiny spots holly leaves during late May con- 
stitutes the first symptom the disease. this stage the spois cannot 


readily distinguished from those produced certain sucking insects 
unless freehand sections lesions are examined for the mycelium the 
fungus. During early summer the yellow spots slowly increase area. 
the middle July the central portion each spot becomes reddish brown 
and the discolored area gradually enlarges until only narrow border 
yellow tissue remains. fall the discoloration has deepened shining 
black, and flat cushion-shaped stromata have developed beneath the epi- 
dermis. Frequently pairs stromata develop single lesion, one near the 
upper surface and the other near the lower surface, and sometimes elon- 
gated boat-shaped ones form independently the ventral surface the 
midrib. November the stromata the upper leaf surface have attained 
diameters 1-4 mm., while those the lower surface are somewhat 
smaller. Differentiation the stromata proceeds slowly throughout the 
winter months, and April the orange-red apothecial are matured 
and are exposed the rupture the outer layers. After dehiscence the 
surrounding leaf tissues die result desiccation, forming buff 


grateful Dr. Frederick Wolf, under whose direction this study was con- 
ducted, for suggesting the problem and for his criticism and assistance the preparation 
the manuscript. also indebted Dr. David Linder, Harvard University, for 
information about collections the Farlow Herbarium; Dr. Sophie Satina, Depart- 
ment Genetics, Carnegie Institution Washington, for furnishing abstract her 
paper Phacidium repandum; and Dr. Lewis Anderson, Duke University, for 
taking the photomicrographs which appear figs. 
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ored necrotic area which bears the exhausted stroma. These areas 
may finally drop out, leaving perforations. Infected leaves usually remain 
the tree for the normal period two years, the unaffected portions con- 
tinuing function, but occasionally severely infected leaves may become 
entirely and moribund the end the first year parts all 
the leaf may have died before that time. The fungus does not continue 
development after the infected tissue such leaves becomes necrotic. 


Leaves American holly infected with Phacidium Curtisii. The black stro- 
mata have been ruptured expose the orange-red apothecial dises the fungus. 


RANGE AND IMPORTANCE THE DISEASE 


The fungus known Macroderma limited single host spe- 
cies, opaca. has been collected many parts North Carolina from 
the sea coast the mountains, under wide range environmental condi- 
tions. Collections have also been made Virginia, Maryland, and South 
Carolina. There are specimens the Farlow Herbarium from Massachu- 
setts, Maryland, West Virginia, North Carolina, Georgia, and Florida. 
seems likely, therefore, that the range this fungus with that 
the American holly. 

Trees all sizes are attacked the tar spot fungus, the age the tree 
making little difference severity attack freedom from disease. 
rule there premature defoliation. Nevertheless, infection results 
decrease area the leaves. This impairment photosyn- 
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thetic tissue has not been observed consequence mature trees 
although may cause significant decrease vigor severely infected 
seedlings. 


STRUCTURE AND DEVELOPMENT THE PATHOGEN 


Development the fungus was followed free-hand sections cut from 
tissues supported pith. The sections were mounted water 
lacto-phenol which 0.6 per cent cotton blue had been dissolved. 
preparations proved superior paraffin sections for studying the mor- 
phology and host relations the fungus, but microtome sections were 
necessary for determining cytological details. appropriate intervals 
throughout the vear fixations infected tissues were made with Navashin’s 
solution acid dioxan, part acetic acid, and parts abso- 
lute alcohol. The last solution gave satisfactory results and proved very con- 
venient, since the material could quickly passed from the fixative through 
several changes pure dioxan into paraffin. Storage dioxan did not seem 
harmful the tissues. After the material was embedded paraffin, 
sections were cut thick. The sections were stained either with combina- 
tion safranin followed fast green clove oil with Haidenhain’s 
iron alum haematoxylin counterstained with aqueous safranin orange 
clove oil. 

The stroma. Cross sections the lesions found early summer show 
that the host cells from the upper the lower epidermis are occupied 
mycelium the fungus, which entirely intracellular. The hyphae, which 
are about diameter and consist thin-walled cylindrical cells with 
prominent nuclei, branch and coil within the host cells and readily penetrate 
the cell walls. Even vascular cells are occasionally penetrated. The infected 
cells, however, are not killed. The presence the reddish discoloration 
lesions during July indicative the initiation stromata. Formation 
the stroma first evident within the cells the upper epidermis. The lateral 


Explanation Figures 2-7 


portion the hymenium Phacidium Curtisii with asci various stages 
development. 

section holly leaf bearing fertile stromata both upper and lower 
surfaces. Each stroma contains single apothecium which exposed when the overlying 
stroma ruptures. 

Fig. section leaf showing stromata within which apothecia have just begun 
form. 

enlarged view stroma before the formation the apothecium has 
begun. Note that differentiated into dark-colored, compact basal and outer portions 
and median loose layer within which the apothecium will develop. 

the paraphyses, developing. 

Young growing among the paraphyses. 
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walls these cells are ruptured and dissolved, and the mycelium forms 

continuous plectenchymatous stroma the space thus formed between the 
outer epidermal walls and the palisade Within the central part the 
infected area the palisade cells are gradually disintegrated until the stroma 
extends down the spongy mesophyll. The stromata contain large druses 
calcium oxalate which were formed within hypertrophic epidermal and 
mesophyll cells (fig. 8). few such erystal-bearing cells are always found 
seattered throughout healthy leaves, but result infection inordi- 
nate number these cells produced. During fall the stromata become 
differentiated into three layers (figs. outer layer which the 
hyphae are thick-walled and very compactly this tissue and the 
adjacent epidermal walls become impregnated with dark purplish pig- 
ment which responsible for the deep black color stromata when ob- 
served macroscopically, and the cuticle over these areas takes yellowish 
hue. (2) median layer composed loose plectenchyma hyaline 
hyphae. (3) basal layer made partially disintegrated mesophyll 
cells filled with thick, dark-colored hyphae. 

The hypophyllous stromata are formed the same manner within the 
lower epidermis and adjacent spongy mesophyll. Less disintegration leaf 
tissue accompanies their formation, however, because they are smaller and 
because the large proportion intercellular spaces the spongy meso- 
phyll. Moreover, the dark basal layer the stroma mostly lacking. The 
presence stromata accompanied increase thickness the in- 
fected areas, which usually become almost twice thick normal portions 
the same leaf. Just prior formation the apothecia the hypophyllous 
stromata may about 200 thickness, while those the upper surface 
the leaf are approximately 300 thick. 

The spermogonia and archicarps. Spermogonia mature during the latter 
part August but not occur all stromata. They are visible macro- 
brilliant red spots, one centrally situated each stroma. 


Explanation Figures 


Diagrammatie drawing showing the positions the spermogonium and the 
archicarps the stroma Phacidium Curtisii. The stroma has not yet differentiated into 
the three layers found later stages. The large druses included the stroma were formed 
within host cells. 

section the spermogonium showing the formation spermatia. 

10. Phacidium Curtisii. 


11. The origin the asci from binucleate cells located the stroma beneath 
the hymenium. 


12. Mature ascospores. 

13. Siages the formation ascospores. 

14. discharge. 

15. empty ascus showing the apex the pore through which the ascospores 
emerged. 

16. Germinating ascospores. 
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cross section the spermogonium appears flat, saucer-shaped structure 
the outer layer the stroma, covered only the outer epidermal walls 
and leaf (fig. 8). therefore acervular structure. The basal 
portion the spermogonium composed pseudoparenchymatous layer 
polygonal cells from the surface which arises palisade slender 
erect hyphae, the spermatiophores. They are about long and 
diameter (fig. 9). Bacilliform spermatia, are from 
their tips. Interspersed among the spermatiophores are erect hyphae 
which are large spherical cells (fig. which are thick-walled 
and contain numerous refractive globules. single hypha may contain only 
one these enlarged cells, several may disposed intervals along the 
apical portion. The function these hyphae uncertain, but they probably 
represent paraphysoid elements. When the spermogonium mature the 
area between the tips the spermatiophores and the outer epidermal walls 
the leaf filled with mass spermatia. 

the same stroma, beyond the periphery the spermogonium, deeply 
staining filaments that project through the may found (fig. 8). 
These filaments have been traced downward through the epidermal walls 
and into the plectenchyma the stroma, where each swells into elon- 
gated bulbous structure which non-septate and contains several 
(fig. 10). This structure interpreted archicarp, composed en- 
larged ascogonial portion which tapers above into elongated trichogyne. 
approximately long and ranges diameter from 0.3 the tip 
the trichogyne the basal part the ascogonium. Numerous 
archicarps are found each stroma. Sometimes hyphal branches are seen 
arise from the base the ascogone and penetrate the stroma, but has 
been impossible trace them farther. Apparently archicarps develop only 
conjunction with spermogonia, for those stromata which lack spermo- 
gonia they have not been observed. 

When spermogonia and archicarps first appear, the stroma shows little 
differentiation. Gradually the upper portions containing the 
become more compact and darker colored, and the archicarps disintegrate. 
Meanwhile the exhausted spermogonium becomes filled with mass 
plectenchyma which cements the epidermal cell walls the stroma, and 
the whole structure becomes heavily impregnated with purplish pigment. 

The apothecium. The apothecia are formed within the plectenchymatous 
median portion the stromata. Sections the stroma made early 
March show layer erect hyphae, the paraphyses, developing within the 
plectenchyma (figs. 6). The paraphyses, which arise branches from 
the hyphae the stroma and are from the first free the tips, press against 
the overlying stromatic layer and their continued growth split 
plane parallel the surface. When they have reached length about 
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young asci begin push among them from the hypothecial layer 
(fig. 7). The asci originate directly from binucleate cells the hypo- 
thecium. Each binucleate cell produces protuberance the side toward 
the Meanwhile the two nuclei fuse within the cell and the fusion 
nucleus migrates into the protuberance, which elongates form the 
(fig. 11). early stages large nucleolus the conspicuous part the 
nucleus (fig. 13), while later the rest the nucleus becomes more evident, 
appearing hyaline area around the nucleolus. 

The ascus remains uninucleate until reaches length The 
first division the nucleus oriented parallel the longitudinal axis 
ascus, that the two daughter nuclei are located one above the other. These 
the divide plane perpendicular the plane the first division 
form four nuclei arranged pairs, and the four divide form 
eight, likewise arranged pairs one above the other the ascus. Cleavage 
furrows now appear the cytoplasm surrounding the nuclei and cut out 
the ascospores. Cleavage may initiated first the apex the ascus and 
progress towards the base, may delimit first the spores the basal end. 
The spores increase size the expense the epiplasm until, when mature, 
they measure and are hyaline, one-celled, and narrowly obovate 
shape (fig. 12). When first delimited they are more less biseriately 
arranged, but they are always imbricately uniseriate the time the ascus 
mature (fig. 13). 

The ascus cylindrical, 100-160 The upper part, containing the 
spores, slightly enlarged, while the basal portion tapers into elongated 


stalk which the cytoplasm sparse and vacuolate (fig. 2). maturity 


the ascus ruptures the apex, and the ascospores are expelled through the 
irregular pore (figs. 14, 15). all stages development may found 
each apothecium (fig. 2). The asci, paraphyses, and cells the hypo- 
thecium become filled with golden-orange oil globules which are responsible 
for the brilliant orange-red color the dise seen macroscopically. 

about the time that the first ascospores are mature the overlying por- 
tion the stroma ruptured, and the hymenium exposed (figs. 3). 
Dehiscence consists mechanical splitting resulting from the pressure 
exerted the expanding hymenium. The first evidences dehiscence are 
visible macroscopically about the middle March, when irregular crack 
may appear across the surface the stroma. From this crack fissures radiate 
towards the margin the stroma and deepen until the outer layer the 
stroma completely severed. The ruptured stromatic tissue turned back 
the expanding asci and remains fringe irregular teeth bordering 
the apothecium. These teeth are hygroscopic, closing over the hymenium when 
dry and opening when moist expose again. 
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Ascospore germination. Ascospores for use studies germination 
were obtained arranging leaves bearing fully developed apothecia that 
the ascospores were discharged upen agar plate into drop distilled 
water glass slide. The ascospores germinate within hours the 
production single germ tube about 1.5 diameter, usually from the 
more acute end each spore (fig. 16). Occasionally the ascospore may 
divided into two cells the formation transverse wall. culture the 
hyphae not become septate, and after reaching length about 
they cease grow, their tips usually swelling form spherical vesicles. 
Further development culture has not been obtained. 


TAXONOMY THE PATHOGEN 


The pathogen was originally described Berkeley and Ravenel (North 
Am. Fungi no. 780) Rhytisma Their description (8) was, how- 
ever, inadequate. 1916 Theissen (10) supplied more complete 
tion the fungus, and stated, moreover, that should not retained 
the genus Rhytisma because several important differences. noted that 
other species Rhytisma the ascospores are long, thread-like, and septate, 
and the apothecia are grouped within the stromata, while Rhytisma Cur- 
the spores are unicellular and elliptival and each stroma contains only 
single apothecium. Although did not make any change name, Theissen 
suggested, the basis the characters just enumerated, that this fungus 
might better placed the genus Phacidium but might found belong 
Trochilla. 

1917 von (3), without emendation Berkeley and Ravenel’s 
description, designated Rhytisma the type new genus, Macro- 
derma. the same time divided the order Phacidiales into five families 
based entirely the position the ascocarp within the host tissue. Macro- 
derma was placed his family Dermopeltinaceae, which included those 
Phacidiales which develop within the epidermis. Phacidium, the other 
hand, was placed the Phacidiaceae, family composed those Phacidiales 
which develop beneath the epidermis more deeply within the host tissue. 

Von erection the new genus, Macroderma, has been criti- 
cised Nannfeldt (7, pp. 240-241), who was able find only slight differ- 
ences between Macroderma and Phacidium lacerum Fr., the species 
which von Hohnel had selected the type Phacidium. found that 
differs from lacerum the following respects: the stromata 
Curtisii are larger and more strongly developed, stromata oceur the 
lower well the upper surface the leaves, and the tips the asci 
not stain blue with iodine. provisionally treated Macroderma sepa- 
rate genus, being extremely doubtful whether there any sharp boundary 
between and Phacidium. 
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Theissen (10) the stromata Curtisii resting the 
palisade layer which, according him, was stained light brown but was 
otherwise unaffected. Von (3) inclusion Macroderma the 
Dermopeltinaceae was based this same conception the relation the 
stroma the host tissue. has been shown Nannfeldt (7) and 
own studies, however, formation the stroma always involves more less 
disintegration the mesophyll tissues, and the stroma usually extends 
the spongy mesophyll. von key followed the fungus must 
therefore placed the Phacidiaceae, where falls naturally into the 
genus Phacidium. 

The above mentioned differences between Macroderma and Phacidium 
not seem sufficient importance warrant their separation. 
other more fundamental characters they agree closely. both Phacidium 
and Macroderma the apothecia are produced singly within separate stromata 
which are embedded the host tissue. maturity they are exposed the 
stellate rupture the overlying stroma and the host tissue with which 
fused. The asci are cylindrical, and the ascospores are elliptical, continuous, 
and hyaline. The paraphyses are slender and unbranched. Macroderma Cur- 
therefore transferred the genus Phacidium, family Phacidiaceae. 
adequate diagnosis has previously been published, the description 
emended follows: 

Phacidium Curtisii (B. Rav.) Luttrell, comb. nov. amend. Rhytisma 
Rav. North Am. Fungi no. 780. Macroderma (B. 
Rav.) Héhn. Ber. Deutsch. Bot. Gesel. 35: 422. 1917. 


Stromatibus maculis innatis, planis vel discoideis, 1-4 mm. diam., 
atronitidis, intraepidermalibus atque foliorum cellulis 
verno stromatibus innatis, solitariis, amphigenis, demum irregulariter 
vel rimose laceratis; disco rubro-aurantiaco, mm. ascis clavato- 
eylindraceis, hypothecio hyalino oriundis, octosporis, para- 
physibus filiformibus, simplicibus, 1.3 ascosporis oblique mono- 
stichis, fusoideis vel obovatis, continuis, hyalinis, 

aestate autumno spermogoniis atque carpogoniis efformantibus 
spermogoniis erumpentibus, planis, miniatis; spermatiophoris simplicibus, 
interdum nodosis, spermatiis bacilliformibus, hyalinis, 
1.3 

Habitat foliis vivis opacae. 

DISCUSSION 

Apparently the Phacidiaceae are group whose members exhibit more 
less reduction sexuality from forms which produce functional sper- 
matia and archicarps. Higgins (2), study several species Cocco- 
myces, found within the stromata archicarps, each which consisted 
ascogonial portion enlarged uninucleate cells and elongated 
trichogyne extending through the acervulus which microconidia were pro- 
duced. subsequent investigation one these species, hiemalis Hig- 
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gins, Backus (1) was able show that the spermatia become attached 
the tips the trichogynes. Although actual passage the spermatial 
nucleus down the trichogyne and the production ascogenous hyphae 
the ascogonial cells were not observed, highly probable that Cocco- 
myces fusions between spermatia and trichogynes accomplish fertilization 
and are necessary preliminary the development asci. Archicarps 
similar those Coccomyces were described two species Diplocarpon 
Wolf (13). The trichogynes were found extend between the epidermal 
cells the host and develop the same time that microconidia appeared 
greatest abundance the acervuli. seems likely, therefore, that Diplo- 
carpon the processes fertilization and formation asci are the same 
Coccomyces. 

Rhytisma Acerinum (Pers.) Fr. (Jones 4), 
terioides (Pers.) Sace. (Likhité 6), and Phacidium repandum Alb. Schw. 
(Satina 9), the asci are produced parthenogamously. Fertilization always 
results from fusions between cells multicellular archicarp brought about 
dissolution the transverse walls. Spermatia are produced Acer- 
inum, but they are non-functional, the archicarps being formed 
later and being deeply buried within the stroma. hysterioides the archi- 
carps, which also are completely immersed the stroma, consist many 
cells, and spermatia are produced. repandum, the other 
hand, the basal portions the archicarps terminate elongated 
trichogynes which extend through stomata the host, but there are sper- 
matia and the trichogynes are believed (9) functionless. 

Lophodermium (Schrad.) Chev., Jones (5) encountered 
more complex situation. Among the spermatiophores, which are formed 
acervuloid spermogonia beneath the partially disintegrated epidermis, 
found bulbous, non-septate structures tapering the apices into elongated 
beaks which interpreted receptive female organs. found that the 
spermogonia later may converted into apothecial stromata, and the ascog- 
enous hyphae found these stromata considered derived from the 
above-mentioned archicarps after spermatiation. discovered, however, 
that other apothecial stromata could arise independently spermogonia and 
that these stromata archicarps were formed. Jones concluded that the 
ascogenous hyphae the latter stromata originated from fusions between 
vegetative hyphae. 

has been shown this paper, practically the same phenomena which 
Jones pinastri are found Phacidium inter- 
pretation the facts, however, deviates some respects from that Jones, 
for seems unlikely that single fungus would exhibit such diverse sexual 
phenomena indicated for pinastri. apothecia may produced 
some stromata without the intervention spermatia and archicarps, 
difficult believe that these organs are essential any stroma. Although 
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archicarps and spermatia are commonly present Curtisii, they have not 
been demonstrated functional, and from the evidence now available 
concluded that the ascogenous cells always arise some pseudomictic 
process from undifferentiated hyphae the stroma. 

Early the development the apothecium Phacidium 
layer paraphyses formed across the median portion the stroma. The 
paraphyses arise hyphal branches which are from the beginning free 
the tips, and the asci later grow among them from the hypothecium. The 
hymenium therefore consists asci and true paraphyses. The development 
the apothecium exactly like that Lophodermium Berberidis 
(Schleich.) Rehm described Nannfeldt (7, pp. 234-236). Jones’ (4) 
account apothecial formation Rhytisma Acerinum is, however, slightly 
different. According this author the archicarps Acerinum are formed 
within layer vertical hyphae the interior the stroma. Later these 
hyphae break away from the overlying stroma and cannot distinguished 
from the true paraphyses which grow among them from the stroma 
beneath. Nannfeldt (7, 217) has questioned the occurrence true para- 
physes and interthecial threads the same hymenium, and supported 
the present observation Phacidium 

The rupture the outer part the stroma the Phacidiaceae may 
caused mechanical pressure the expanding hymenium within, this 
process may assisted specialized opening mechanisms the roof 
the stroma. Phacidium repandum (Satina 9), Diplocar- 
pon spp. (Wolf 11, 12), and spp. (Higgins 2), specialized 
means opening found. Rhytisma Acerinum and Lophodermium 
pinastri, the other hand, Jones (4, reports the presence structures 
function the splitting the stroma, and Nannfeldt (7, pp. 219, 235, 
238) described similar mechanisms several other species Lophodermium. 


SUMMARY 


tar spot disease common the leaves opaca Ait. North 
Carolina, and apparently found throughout the range the tree. The 
disease produces lesions which become necrotic the end the first 
but the unaffected parts the leaves usually continue functional 
for the normal period two years. Infection results decrease photo- 
synthetic area which may affect the vigor seedlings. 

the basis its structure and development the pathogen, first called 

transferred the genus Phacidum, family Phacidiaceae, and the 
emended. 

The mycelium first entirely intracellular. Later 
forms plectenchymatous stroma the space resulting from partial dis- 
solution the epidermal and adjacent mesophyll tissues. 
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The black, stromata are formed singly the upper surface 
each lesion, pairs, one the upper and one the lower leaf surface. 
During fall archicarps and acervuloid spermogonia are formed within some 
the stromata. They have not, however, been demonstrated functional. 
spring layer paraphyses develops across the median portion the 
stroma, and the asci subsequently grow among the paraphyses from the 
hypothecium. They arise directly from binucleate ascogenous cells which 


probably have origin. 

The covering layer the stroma and the outer epidermal cell walls with 
which fused are split stellate manner result the pressure 
exerted the expanding hymenium, and the ruptured tissues remain 
peripheral fringe hygroscopic teeth around the orange-red apothecial dise. 


The ascospores, which are discharged through irregular pore the apex 
the ascus, germinate readily, forming short germ tubes, but further 
growth culture was not obtained. 
Development accords essential features with that 
other members the family Phacidiaceae. 
CAROLINA 
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TEGILLUM, NEW GENUS THE UREDINALES' 
(WITH SEVEN FIGURES) 


1936, the writer collected rust species Vitex the Cayo 
district British Honduras. This has pyenia, uredinia, and telia. The telia 
contain one-celled, hyaline, sessile teliospores borne groups laterally 
free sporogenous cells. The urediniospores are angular with the pores the 
angles. Both the uredinia and telia are bordered dark brown paraphyses. 
The genus Olivea immediately suggested and specifically scitula de- 
scribed Sydow (1937) from Sierra Leone. However 
further study revealed several important points difference. 

The genus Olivea was proposed Arthur (1917) with capituliformis 
(Henn.) the type species Alchornea sp. also deseribed 
Petitiae Petitia domingensis. Sydow (1937) has added third species, 

his the genus Arthur (1917, 1925) states that the aecia 
are subepidermal and that the other sori are subcuticular. The aecia are de- 
scribed deep seated the host tissue and without peridia; the uredinia 
minute, from stem-like bases expanding into globose masses paraphyses. 
stated that the teliospores are one-celled, cylindric, and colorless. 

Dietel (1924) differs his interpretation the genus that the ure- 
dinia and telia are considered subepidermal and the teliospores arise 
groups from fertile hyphae. 

Through the kindness Cummins and Sydow, have been able 
study collections the three species. The following conclusions have been 
reached. The pyenia, which are known only for capituliformis, are sub- 
The aecia, which are known only for capituliformis, are subepi- 
dermal. Their deep-seated position due the pronounced enlargement 
the epidermal cells which overlie and surround them. The uredinia and telia, 
which all three species, are superficial. determine 
the exact manner their development. They appear originate from 
compact masses mycelia the substomatal intercellular spaces. The 
hymenial cells probably emerge through the stomata, obliterating them. The 
uredinia and telia therefore develop mostly above the epidermis, the en- 
circling peripheral paraphyses from the narrow bases producing the char- 
superficial, basket-like sori. 

The rust from British Honduras shows several important points dif- 
ference. All the sori from the mycelium (pyenia, uredinia, 

from the Department Botany and the Herbarium the University 


Michigan. This investigation has been supported with funds from the Horace 
ham School Graduate Studies the University Michigan. 
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Section through pyenium, showing epidermal cells below, 500. 
Fig. through subeuticular primary uredinium, showing para- 
physes, 500. 
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and telia) are definitely subeuticular (figs. 1-3). The uredinia from the 
mycelium are subepidermal (fig. 5). cross section the sori 
from the mycelium are triangular with broad bases. 

Sydow (1937) has described genus Desmotelium based coae- 
taneum. states that the pyenia, uredinia, and telia are all subcuticular. 
places Desmotelium close Olivea and Chaconia. The uredinia are de- 
scribed bordered paraphyses and the teliospores are given one- 
celled, hyaline, and groups from basal cells. Through the kind- 
ness Sydow, have been able study the type collection and find that 
all the sori are subepidermal. The cells the epidermis the host are 
thin-walled and are usually crushed the developing sori. The uredinia are 
very broad with flat bordered 

The collection from British Honduras apparently belongs new 
genus for which the following name proposed. 


Tegillum Mains, gen. nov. Pyenia subeuticularia; prima uredinia sub- 
cuticularia, paraphysibus bases coalitis urediniosporae echinu- 
latae, angulares; secunda uredinia subepidermalia; teliosporae hyalinae, 
membranis tenuissimis, plures cellula conjunctim enatae, statim germi- 
nantes. 

Species typica: fimbriatum. 


Tegillum fimbriatum Mains, sp. nov. (figs, 1-7). Pyenia 
amphigena, aggregata maculis magnis, denique brunneis, late 

Prima uredinia subcuticularia, late conica, plerumque epiphylla, aggre- 
gata cum minuta, mm. lata, paraphysibus paraphyses 
bases coalitae, membranis intense brunneis, latis; 
urediniosporae turbinatae, latere compressae, membranis 
sparsa, hypophylla, lata, subepidermalia, paraphysibus pallidis. 

Telia plerumque hypophylla, eadem forma distributione 
teliosporae clavatae vel fusoideo-clavatae, 8-10 membranis 
hyalinis, 0.5 latis, plures cellula conjunctim enatae, statim germinantes. 

foliis Viticis sp. (Gaumeri ?), San Agustin, Cayo, British Hon- 
duras, VII, 24, 1936, Mains (3881, specimen typicum). 

Pyenia subeuticular (fig. 1), amphigenous, grouped large spots which 

Primary uredinia (fig. 2), broadly conical, mostly epiphyl- 
lous, grouped large spots with the pyenia, small, mm., bordered 
and mostly covered the paraphyses except for irregular central open- 
ing; paraphyses often narrowing upward, with walls dark brown, 
thick coalescing their bases form short pseudo-peridium (fig. 
4); urediniospores asymmetrical (figs. 7), turbinate but laterally com- 
pressed and therefore broadly triangular, 24-30 20-32 from one view, 
the upper side sometimes protruding upward into fourth angle, ellipsoid 
obovoid, wide from the other view, with the walls thick, 
namon-brown, finely echinulate, with the pores the angles; secondary 
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through telium, 500. 

Paraphyses from membranous base, 500. 

Subepidermal secondary uredinium, 

Urediniospore from two views, rotated slightly less than degrees, 1000. 
Urediniospore from two views, rotated degrees, 1000. 
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uredinia subepidermal (fig. 5), very small, wide, hypophyllous, 
scattered mostly along margins the leaves; paraphyses light colored, 
cylindric, urediniospores like those the primary uredinia. 

Telia mostly hypophyllous (fig. 3), grouped spots with the pyenia 
and primary uredinia, similar the primary uredinia; teliospores one- 
celled, clavate fusoid-clavate, with the walls hyaline, very 
thin, 0.5 occurring groups more) from laterally free basal cells, 
immediately. 

leaves Vitex (probably Gaumeri) Gracie Rock, Sibun River, Brit- 
ish Honduras Aug. 10, 1935, Perey Gentle (1756) San Agustin, Cayo, 
British Honduras, Mains, July 23, 1936 (3775), July 24, 1936 (3881, 
Aug. 1936 (4058). 


The mycelium forms large spot, apparently gradually 
spreading outward from the original infection. the infection ages, the 
spots turn brown. Pyenia are produced the centers the spots, and are 
followed Teliospores probably replace urediniospores some 
the uredinia, but the infection ages telia are produced. The uredinia 
are bordered paraphyses which slope inward and upward, covering the 
sori except for irregular, central, pore-like opening. section they ap- 
pear triangular with their bases the epidermal cells. The urediniospores 
are unusual shape. Only few secondary uredinia were seen. These are 
very small and subepidermal. All the telia seen were from gametophytic 
mycelia. Telia arising from the sporophytic mycelium will probably 
subepidermal and resemble secondary uredinia. 

apparently belongs the Oliveae the Pucciniaceae 
Dietel’s classification (1928). The angular urediniospores, and hyaline, one- 
celled, clumped teliospores, both kinds developed sori bordered para- 
physes, indicate fairly close relationship Olivea and Desmotelium. 
differs from both the position and development sori from the gameto- 
phytie myeclium. 

HERBARIUM THE UNIVERSITY MICHIGAN 

MICHIGAN 
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CHARACTERS FOR THE CLASSIFICATION AND IDENTI- 
FICATION VARIETIES CAPSICUM' 


(WITH SIX 


The Solanaceae contain several members which studies have been 
made determine the usefulness various characters the identification 
and classification varieties. Salman (1924) used the leaf index for the 
identification potato varieties and concluded that certain precautions 
are used this character constant for given variety and remains over 
rather wide range environment. Krantz and Hutchins (1928) also used 
the leaf index means identifying certain American potato varieties 
and their paper call attention the limits its usefulness. However, 
their final conclusions indicate that when varieties are grown under com- 
parable conditions, the leaf index may valuable addition the other 
characters which are utilized for the identification varieties and the 
tion synonyms. Lindstrom (1927) and Houghtaling (1935) have made use 
the fruit-shape index their studies the inheritance shapes 
tomato fruits. 

Although most botanists have come recognize Bailey’s (1924) classifi- 
eation Capsicum which groups all the peppers one species, namely 
frutescens, with five sub-species varietal groups, there still 
confusion properly classifying some horticultural varieties. has been 
the chief aim this paper, therefore, bring together facts that may prove 
beneficial the classification and identification such varieties Cap- 


MATERIALS AND METHODS 


Plants varieties peppers were grown maturity 12-inch clay 
pots the greenhouse during the winter 1937 and the field during the 
spring and summer 1938. Observations and study were made the leaves 
and fruits both crops; definite measurements, however, were taken only 
plants growing under field conditions. From 100 mature leaves and 
fruits were selected random over the plots for each variety and their 
length and width accurately measured, the readings being taken the near- 
est millimeter. The index for each variety was determined the following 
100 
variety, while represents the average length. The width multiplied 
100 order express the result percentage. The fruit-shape index 


formula represents the average width the leaf for the 
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was computed for each fruit dividing the length the width. The 


probable error the mean was calculated the following formula: 

PEy typical leaf and fruit each variety studied 


were outlined paper for record their shape and size. 


OBSERVATIONS AND DATA 


From the data presented table seen that the leaf index varies 
over quite wide range between varieties, the highest being 71.02 0.68 
for Sweet Meat Glory and the lowest 39.95 0.27 for Minimum. whole, 
however, the index figures are higher for the mild-flavored varieties than 
for the pungent ones. Correspondingly table but possibly more clearly 
figures and noted that there exists even more consis- 
tent difference between leaf sizes for the two varietal groups cited above. 
Almost uniformly large leaves are associated with varieties 
while small leaves are associated with pungent varieties. Further analysis 
these data indicate the existence definite relationship between leaf 
size and fruit size for the varieties studied. The coefficient correlation 
between leaf length and fruit length and between leaf width and fruit width 
was 0.364 and 0.733 respectively. Both these values are highly significant. 
The correlation between leaf shape and fruit shape was 0.028. 


G 17 18 } 
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Trace drawings typical mature leaves the varieties shown table 


While actual measurements were made leaves from the plants 
any variety growing the greenhouse, observations indicated clearly that 
leaf sizes were larger under these conditions than those the same variety 
growing under field conditions, the difference being due, doubt, 
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Trace drawings typical mature leaves the varieties shown table 


better growing environment the former, and especially moisture. Had 
the leaf index been computed for the varieties growing the greenhouse, 
the figures obtained would have differed some extent from those the 
same variety growing the field, perhaps much between some varieties. 
This observation substantiated the findings Krantz and Hutchins 
(1928), who grew potatoes several locations the State Minnesota 
and found that the environment produced significant differences the leaf 
index all varieties tested except one, which remained constant. 

While measurements were being made mature leaves from the field 
plots, was rather surprising learn the uniformity size among 
mature leaves within given variety. Apparently the leaf index should 
remain rather constant for given variety under comparable conditions. 
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comparing the data table under the fruit-shape index column, 
with the fruit tracings the varieties figures and evident 


Trace drawings typical ripe fruits the varieties shown table 


that varieties may grouped into two general classes according fruit 
shape. The first group contains varieties with from blocky almost spheri- 
cal fruits having shape indices ranging from 0.66 0.01 2.24 0.06, 
while the second group contains long fruits various shapes with indices 
ranging from 1.40 0.02 7.97 0.14. Previous observations the 
writer, well definite measurements made during this study, show that 
some varieties the shape the ovary changes greatly between the stages 


Trace drawings typical ripe fruits the varieties shown table 
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Trace drawings typical ripe fruits the varieties shown 


anthesis and fruit maturity. These findings agree fully with those re- 
ported earlier Sinnott and Kaiser (1934), who showed that most shape 
types Capsicum have fruit primordia that are essentially 
the time flowering, but that this relation maintained only the 
spherical types until maturity. the elongated fruit type the authors state 
further that much more rapid growth takes place length than width. 


far the most complete analysis the above-stated change fruit shapes 
Capsicum has been that reported Kaiser (1935). From his work 
evident that environmental conditions influence fruit shape some extent 
but the ultimate configuration the fruits depends the interaction 
between genes which control shape development and those which govern 


size. 

When the same varieties were grown under both greenhouse and field 
conditions, was quite noticeable that fruit shapes are more easily altered 
environment than are leaf shapes. Nevertheless, under the conditions 
this experiment both characters proved relatively constant. This does 
not mean, however, that either could used alone making positive 
variety identifications. 

SUMMARY 


Leaf and fruit measurements were made and their respective indices 
computed for varieties Capsicum grown under field conditions. Obser- 
vations were made the same varieties growing the greenhouse. was 
found that there exists definite relationship between leaf size and fruit 
size but little correlation between leaf shape and fruit shape. The index 
figures extend over rather wide range among varieties, would ex- 
pected. However, the leaf and fruit index may valuable together with 
certain other plant characters the classification and identification 
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pepper varieties grown under comparable conditions, but would seemingly 
little value when used alone. 


The writer indebted Mr. Leslie Hawthorn Texas Substation 
No. Winter Haven, Texas; Dr. Roy Magruder the Horti- 
Station Beltsville, Maryland; and Dr. Paul Work Cornell 
University Ithaca, New York, for furnishing the seeds some the 
pepper varieties used this study. 


DEPARTMENT HORTICULTURE, 
GEORGIA AGRICULTURE EXPERIMENT STATION 
EXPERIMENT, GEORGIA 
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America being used the broadest 

Papers that relate exclusively bacteriology, forestry, agriculture, horti- 
manufactured products vegetable origin, laboratory methods are 
not included. users the Index will call the attention the editor errors 
omissions, their kindness will appreciated. 
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